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FOREWORD

This document is submitted in accordance with Item III C,
Exhibit A of Contract NAS 8-21041, dated 20 December 1966,
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SUMMARY

Purpose and Scope

The purpose of this study was to expand the work
conducted under contract NAS 8-11415 and NAS 8-20224.
The first phase was concerned with single hydraulic
system using standard or non-redundant actuators for
thrust vector control of launch vehicles. The second
phase was concerned with various schemes for reliability
improvement including redundant actuators and hydraulic
systems. Both phases had as their primary consider-
ation reliability, weight, and cost while also consider-
ing actuator moment arm, hydraulic system pressure and
response. The work expansion in this study was to
extend the previous work into the coast, or on-orbit,
phase of the S-IV B stage operation using the S-IV B
stage hydraulic system design parameters. The study
was also to include the determination of reliability
figures for the system, including autopilot electronics
when the "majority vote actuator" is interfaced with
the autopilot electronics. The scope of the study
was limited to the considerations of systems using
linear servo actuators. The autopilot study was
limited to considerations of the existing S-IV B
autopilot with minimum modifications.

System Configurations Investigated

The following is a description of the autopilot
and hydraulics system configurations investigated.

Case I - Existing S-IV B autopilot
electronics and hydraulic system.
The existing S-IV B thrust vector
control system utilized a single
hydraulic system operating at
3500 psi with standard actuators
and a "triple" redundant autopilot
connected in a "pair and spare"
configuration. This configuration

y 2
was used as abasis for compariscn

of the other configurations.



Case 1II -

Case III -

Case IV -
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Majority vote actuator with the existing
S-IV B autopilot. This configuration
included the use of the existing S-IV B
pair and spare autopilot without the com-
parator circuit and the single hydraulic
system operating at 2500 psi with the
motorpump and engine driven pump in para-
llel redundant operation. In this
configuration the majority voting actuator
replaced the existing standard actuator
with the three autopilot channels
connected directly to the three majority
voting servovalves.

Majority vote actuator with additional
majority voting at the 50 MA  Servo
Amplifier in the S-IV B autopilot. In
this configuration the three channels of
the existing S-IV B autopilot would be
modified to majority vote the three
channels at the 50 MA servo amplifier
in addition to majority voting at the
actuator servovalves. The hydraulic
system would be ithe same as described
in Case II.

Majority vote actuator with additional
majority voting at the D.C. amplifiers
in addition to majority voting at the
servo amplifier. This configuration
would be the same as Case III with
additional majority voting at the D.C.
amplifiers.
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The comparison of the overall system reliability
for the four system configurations investigated shows
that the configurations described in Cases II, III, and
IV all would result in approximately 49 percent fewer
failures than the existing Saturn S-IV B stage auto-
pilot and hydraulic system.

Since the unreliability of the hydraulic system
is much greater than the autopilot, the improvement
of the autopilot is masked out when the total system
reliability is considered.

The total system reliability improvement in
Cases II, III, and IV is due primarily to the hydraulic
system improvement resulting from the majority voting
actuator, operating the motorpump and engine driven
pump in paralled and reducing the system pressure
from 3500 to 2500 psi.

In each of the above cases with the exception
of Case II,the autopilot and the hydraulic systems
were examined separately with respect to their
reliability. Once the reliability and probability
of failures were determined for each subsystem the
autopilot and hydraulic systems were combined using"
the appropriate reliability equations in determining
the overall system reliability. Case II posed a
special problem since the majority voting of the
autopilot output occurs at the majority voting servo-
valves. It was, therefore, necessary to include
the majority voting portion of the servovalves as
part of the autopilot.
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Autopilot Configurations Investigated

The autopilot investigation included the following
configurations.

1. Existing S-IV B autopilot with pair and
spare .redundancy.

2. Majority voting at the 50 MA servo
amplifier.

3. Autopilot with majority voting of the
50 MA servo amplifier and majority voting
of the D.C. amplifier.

The reliability analysis of the autopilot alone
showed that configuration (2) would produce 12 percent
fewer failures than the existing autopilot and
configuration (3) would produce 40 percent fewer
failures than the existing autopilot.

Hydraulic System Configuration

The following hydraulic system configurations
investigated were the same as in the previous study.

l. Single hydraulic system with standard
actuators (existing Saturn S-IV B con-
figuration). .

2. Single system with majority vote actuator.

3+ Dual system with standard actuator.

4. Dual system with majority vote actuator.

5. Dual system with tandem actuators.

The reliability of these system configurations

were determined for the coast or on-orbit phase of
the Saturn S-IV B stage operation using the existing

S5-IV B stage design parameters.

The following table is a list of the total flight
reliability of each system for comparison purposes.
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Hydraulic System Configuration | Total Flight Reliability

1.

2.

Single Actuator System, .996573
Standard Actuator

Single Hydraulic System, .997800
Majority Vote Actuator

Dual Hydraulic System, 997223
Standard Actuator ‘

Dual Hydraulic System, .998449
Majority Vote Actuator

Dual Hydraulic System, .99858
Tandem

/

In addition, an investigation was made to determine
the reliability improvement of operating the existing
S5-IV B stage hydraulic system with the motorpump and
engine driven pump in parallel redundant operation at
2500 psi. The computer results showed that this
configuration would produce approximately 13 percent
fewer failures over the existing S-IV B hydraulic
system configuration. The comparison between the
above system using majority voting actuators and the
existing S-IV B hydraulic system is discussed in
Part A.
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INTRODUCTION

This report is the final technical summary report for
Contract NAS 8-21041. The purpose of this study was to
extend the work performed under Contract NAS 8-20224 which
was concerned with the optimization of redundant hydraulic
systems and actuators for thrust vector control of launch

vehicles. This study extended the scope of work in the previous

study into the coast or on-orbit phase of the Saturn S-IVB
stage operation. This study also includes the determination
of reliability of the thrust vector control system including
the autopilot electronics when the "Majority Vote Actuator"
is interfaced with the autopilot.

The general approach used in the study was to determine
the reliability of various autopilot configurations which
were compatible with a "Majority Voting Actuator" and compare
these configurations with the existing Saturn S-IVB stage
autopilot and hydraulic thrust vector ccatrol system.

In order to accomplish the work required for this study
the program was divided into two major tasks:

Task A - Autopilot Electronics
Task B - Thrust Vector Control Hydraulic System

The objective of Task A was to determine the feasibility
of modifying the existing autopilot of the Saturn S-IVB
stage to be compatible with the "Majority Vote Actuator."

An analysis was performed to determine the reliability of
the better autopilot configurations and these were then
compared with the reliability of the -existing autopilot.

The objective of Task B was to determine the reliability of
the various thrust vector control hydraulic system configura-
tions investigated in the previous study program for the on-
orbit phase of the Saturn S-IVB operation. The final
objective was to compare the reliability of the existing
Saturn S-IVB thrust vector control system including the
autopilot electronics with a TVC system which utilizes
majority voting actuator and a compatible autopilot.
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The general approach used in Task A was to examine
the existing Staurn S-IVB stage autopilot in order to
determine the feasibility of various autopilot configura-
tions which would be compatible with the Majority Vote
Actuator. A conceptual design was made for each scheme
and a reliability analysis performed on each autopilot
configuration, including the existing S-IVB autopilot.
The reliability analysis was performed on each autopilot
configuration using NASA supplied data on component failure
rates, environmental modifiers, and reliability equation
which permitted a direct reliability comparison with the
existing autopilot.

The approach used in Task B was to expand and modify
the computer program of the previous study to include the
coast or on-orbit phase of the Saturn S-IVB stage operation.
The input data to the computer program was updated using
NASA supplied information on environmental conditions,
operating times for coast and burn phases, and hydraulic
system design parameters for the S-IVB stage operation.

The reliability data derived from the computer program
for the hydraulic system was then combined with the various
autopilot configurations for final comparison with the
existing S~IVB system.

Included in this report are the following items:
1. Reliability comparison of the autopilot and

hydraulic system configurations investigated.

2. Description and analysis of each autopilot
configuration investigated including schematic
drawings.

3. Derivation and discussion of environmental factors
used in updating the computer program.

k. A listing of the IBM cards used in the computer
program with general operating instructions.
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II. RESULTS

Autopilot and Hydraulics System Configurations

The following is a description of each
configuration?

Case I - (See Figure 1) This configuration is the
existing S-IV B pair and spare autopilot and
3500 psi single hydraulic system with standard
servo actuators.

Case II - (See Figure 2) The second configuration
is the existing S-IVB pair and spare autopilot
without the comparator circuit and the single
hydraulic system operating with the motorpump

and engine driven pump in parallel at 2500 psi.
In this configuration the majority voting
actuator replaced the standard actuator with

the three autopilot output channels connected
directly to the three servo valves of the
majority vote actuator.

Case III - (See Figure 3) This configuration is the
Same as Case II except that the autopilot output
channels are majority voted at the 50 ma servo
amplifier. Then the three autopilot outputs
connected to the three servo valves of the majority
vote actuator. Thus the system has majority voting
twice, at the actuator and inside the autopilot at
the servo amplifier. The hydraulic system, like
Case II, was considered to be operating at 2500
psi with the motorpump and engine driven pump in
parallel redundant operation.
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Case IV - (See Figure 4) This configuration is the
same as Case III except that the autopilot is

majority voted twice instead of once. The system

then is majority voted three times: the first time

at the D.C. Amplifier, the second time at the 50 MA
servo amplifier, and again at the majority voting
servo valves of the actuator. The hydraulic system
like Cases II and III was at 2500 psi with motorpump
and engine driven pump in parallel redundant operation.

System Reliability Results

Table I shows the reliability and probability of
failures of the four system configurations investigated
for the lst burn, coast, 2nd burn and total flight phase
of the Saturn S-IV B stage operation. '
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III. DISCUSSION AND ANALYSIS

1.0 AUTOPILOT

Four autopilot cases were examined with
respect to their reliabilities. The following
is a description of each case. The block diagrams
of all cases show two filters in series. This is
not the actual physical configurations (the filters
are really in parallel), but since a failure in
either filter would cause a channel failure, the
series fiction can be used for reliability study
purposes.

a. Case I is the existing autopilot which has
pair and spare redundancy (see Figure 1).

b. Case II is the autopilot with analog majority
voting at the 50 ma servo amplifier without the
comparator circuit (see Figure 3). The majority
vote 50 ma servo amplifier has a net parts count
addition of nine parts over the existing 50 ma
servo amplifier. The net parts added are three
transistors, one diode and five resistors (see
Figure 5, schematic of majority vote 50 ma
servo amplifier).

¢. Case III is the autopilot with analog majority
voting of the 50 ma servo amplifier and of the
D.C. amplifier (see Figure 4), The 50 MA Servo
Amplifier is the same as that used in Case II.
The D.C. Amplifier has fourteen parts added for
Majority Voting purposes. This includes four tran-
sistors, eight diodes, and two resistors. (See
Figure 6).

d. Case IV is the same as Case II except that no parts
have been added for majority voting. This case is to
get a better comparison between the reliabilities of
pair and spare redundancy and analog majority voting.
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1.1 Examination of Existing Autopilot

1.2

The Saturn 5-IVB Autopilot was examined so that
it could be modified for Majority Voting.

The familiarization of the circuitry by analysis
has taken the logical steps of 1) DC Analysis, 2) AC
Analysis, 3) Transfer Function Analysis, and 4)
Output Impedance, open loop, which is of special

significance when Majority Voting is being considered.

The analysis is covered in detail in Appendix A,

Majority Voting Autopilot

A number of ways are suggested for the use of
Majority Voting on the Apollo Autopilot. First,
however, some theory is presented for Analog
Majority Voting. The way Majority Voting is
mechanized in the Titan III MOL Autopilot is also
presented as a working example.

1.2.1 Requirements for Majority Voting

Analog Majority Voting is a scheme for cancelling
out failures in the channel circuitry that precedes
the voting stage or "Voting Node". This is done

- without the use of complicated sensing and switching
circuitry, whose high parts count could compromise
the reliability it is attempting to improve. Analog
Majority Voting is automatic. It is immune to
transient effects that might cause a switching
system to actuate. Transient malfunctions occuring
in any channel are voted out as readily as a constant
malfunction and the Majority Vote circuitry is
ready to take on another malfunction as soon as the
transient one has gone away.

The "Voting Node" is the common output (all outputs
attached) of the identical feedback amplifiers, each
of which is in a separate, identical channel,
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NOTE : AMPLIFIERS MHAVE HIGH OPEN LoOP ouUTRPRPUT

The theory of how Majority Voting works can be
seen from its operation under normal conditions,
that is with no failures in any channel and all

inputs the same, e, = e2 = e_. Associated with
the input voltage 1Is an outpét voltage:
-R
e = —L e. , which is common to all three
0 Rn in

Majority Vote Amplifier outputs. However, all

three of the loop gains are not exactly equal.

Thus the output voltage will give rise to a

feedback voltage, which will satisfy only one

"of the Amplifiers - the one with the middle loop

gain. The highest gain amplifier will have too much
feedback for linear operation and will saturate with
the polarity of the output voltage. This is due to the
fact that the amplifiers have high Loop gains and a
very small signal (one or two millivolts) at the
summing junction will cause saturation. The lowest
gain Amplifier will go towards saturation in the
opposite direction and supply or accept the
saturation current of the saturated Amplifier.
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Sometimes this is done with the help of the
Amplifier that stays in its linear operation.
That is the middle gain amplifier is helping

to meet the demands of the saturated Amplifier as
well as drive the load. This can be done because
the Majority Vote Feedback Amplifiers have high
Open Loop output impedances, even when saturated.
Thus the output picture is as follows:

MAJORITY VOTE R
AMP ¥| SATURATED oL )
: WHERE RceL «K R <K RoL

MAJORITY VOTE VOTING NODE
AMP #*2 IN LINEAR ReL
RZGION T AN/ €o
€n Gav
< Ry
= MAJORITY VOTE RoL

AMP # 3 SATURATED

NOTE | CL = CLOSED LOOP
OL = OPEN LOOP

In the Titan III Autopilot Majority Vote Amplifier
(See Appendix A, Figure A-6) the Open Loop output
impedance is made high by taking the output off of
the collectors of Q2 and Q3. The impedance is kept
high, even during Amplifier saturation by the zener
diodes CRL and CR2, which never allow Q2 and Q3 to
become saturated. Thus the output transistors always
remain in their linear region of operation and their
collector output impedances are high.

The Titan III Autopilot Majority Vote Amplifier shown
is immune to single part failures, when it is being
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voted. This means that the channel up to the Voting
Node is not dependent upon the operation of any one
piece part. The graph of Figure A-7 in Appendix A
shows the voting operation of three Majority Vote
Amplifiers with three different inputs. When there
is a great difference between one signal and the
other two, the middle signal is chosen. The output
will be
e = -Rf e. (middle). This same situation will
<] R in

n
exist when there is a failure upstream of the Voting
Node that causes one Majority Vote Amplifier to go
hardover. The middle signal of the remaining two
will be the one that determines the output voltage.
However, when all three signals are very close to-
gether an averaging will take place:

eo - —Rf (el + e2 + e:2
Rn 3

The amount of dispersion of the input signals before
averaging ends is a function of the loop gain. The
higher the loop gain, the smaller the region of input
signal dispersion will be, when averaging takes place,

Conceptual Design

The conceptual design started by devising
different schemes for using Majority Voting in
the Autopilot. This consisted of voting at the
Servo Amplifier, voting at the DC Amplifier, and a
combination of both (see Appendix A).

Several schemes were also considered for
modifying the 50 MA Servo Amplifier and the DC
Amplifier to allow them to Majority Vote.

From technical meetings with NASA, the most
promising schemes for autopilot modification were

chosen with the following considerations:
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1. Least number of changes to the existing
Circuitry

2. Emphasis to be placed on Majority Voting
the 50 MA Servo Amplifier

3. Other methods to be considered if time
permitted

l.2.3 Majority Voting Autopilot Configurations
1.2.3.1 Majority Voting the 50 MA Servo Amplifier

Since the Majority Voting technique, which
involves the fewest changes to the existing circuitry
- is of special interest, this scheme was developed
further. (See Figure A-8, Schematic Diagram
Majority Vote Servo Amplifier No. 1). The biasing
and gain (open loop) were worked out for this case.
The open loop gain has been improved by almost an
order of magnitude. This would make it
possible to do away with the feedback trim pot.

If some adjustment was still desired, fixed resistors
could be used.

To accomplish this and achieve the design goals,
specifically those of high open loop output
impedance and Voting Node protection, thirty-three
parts will have to be added when compared to
voting at the actuator only. When compared to the
present redundant configuration (pair and a spare),
this scheme would save 76 parts and allow voting
at two places - the actuator and the Servo Actuator.

1.2.3.1.1 Biasing - The biasing for the Servo Amplifier remains
the same as the present configuration up to Ql4,
(See Figure A-3, Present Schematic Diagram 50
MA Servo Amplifier). The collector of Q14 will have
O volts steady state instead of 1.2 volts. The
DC levels are recorded on the schematic. (See
Figure 5, final form schematic diagram, 50 MA
Majority Vote Servo Amplifier)

-



25

MCR-37- 239

l.2.3.1.2 Open Loop Gain (Nominal) - Present configuration vs.
new configuration:

Present Configuration:

T :::fli AMP AMP AMP |— og\\f.il qu\s R sYM |—>""°
Q6 Qi0, 11 Q2 Q7,9
f : 43.2% 6.32 X103 A/y
A, =\.8X10°Y/a ‘v:—-— A, = 0.273 AN ——m

New Configuration:

|
l
|
|
;
|
l\
|
;
|

IN Yai forver| V5 |come comp I
— SAME e SYM sYm f—>°
Qs, e Q\7,18
o’ o’
N TN
153 YA/ 12.5 X107 3 Afy
U nr——eein — é vy
A= LBXIDT T e A s 92 AN — o

(SANMED)

The open loop gain A, remains the same. A ,
however, increases by almost an order of magnittde.

The calculation of the new gain for A2 follows:
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V5 RL//(Rin Comp Sym Q15, 16)

Vu L
B+1
_ 20K//65.5K
- 100
v Letting Q15,16
—% = 153 B = 200
L
In Y% I
1) - v v
5 5 6
where V6 ) RL
V5 Re tr, 4+ RB
B+1
and Io _ RL 1
Y6 R +Te + Ry R,
B+1
thus IO 1.8K//20.5K 1
< = 1.22K + 26 + 91 100 + 2 + 9 B = 200
5
I
<= = 12.5x107 AN

The open loop gain (nominal) for the present configuration
is 491 x 103 A/A

The closed loop gain expression derived in Appendix A:
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N
.. N A
L™ NN ROKA + AR 1

&

f

N R

which if ' ]
N R, Ah, >>RA, +1

was approximately

Nc Rf
S Sul pad
4 8

It is apparent that the approximation is better as
the values of A, and A_ become larger. Further-
more, since the'closed™loop gain is 1.667 x 1

A/A and the new open loop gain is 3450 x 10° A/A,
this gives an accuracy of 0.5% from:

A
Aer= 1718
! AB
-~ B 1l + AB

Assuming a worst case open loop gain of 1/10 that
at nominal or 345 x 103 A/A

1
ACL = 1.667 x 103 (345 x 103)(,1.667 x 103)
1+ (345 x 103) 1
1.667 x 10
_ 3 206
Ay = 1.667 x 10 ST
A, = (0.995) 1.667 x 10° A/A

CL
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Thus with an accuracy calculated for the Amplifier of
0.5% and an accuracy specification of 2%, it is feasible
to eliminate the feedback pot.

Voting Node Protection, 50 ma Servo Amplifier -~

¢

The first scheme for woting node protection
Fresented, Appendix A , took twelve (12) extra parts.
See Figure ? Voting Node Protection). Another

method will now be presented which affords the same
protection against single piece part failures, but
requires only six extra parts. In Figure? , Ql along
with Rl and R2 furnished a redundant output transistor
which took over the drive if Q2 happened to short out.
This prevented the voting node from being loaded
excessively. This requiremént can be met with a
savings of six parts by using two FET's in series with
the output. (See Figure 8, Voting Node Protection,
Revised). Here the I g Characteristic of the FET's
are used to restrict gﬁe load closer to what it

would be during normal operation. Thus, for our
application I ¢ (min) would have to be greater than
50 ma and I .o %max) kept as low as practical,

perhaps 10 B 15 ma above I .o (min).

This method also allows us to eliminate CR2 as
excessive loading, if Q2 fails (collector to base),
is prevented by the FET's.,

The final form of the 50 MA Servo Amplifier with
saturation and Voting Node protection is shown in
Figure s,
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1.2.3.2 Majority Vote IC Amplifier

Majority Voting the DC Amplifier was given last
priority in the study. Majority Voting the IC
Amplifier does not have the importance that
Majority Voting the Servo Amplifier has. When
voting the DC Amplifier, only that unit is protected.
(See Figure A~1). This makes it all the
more important for the voting mechanization to be as
simple as possible, for any advantage to be gained by
voting. Added to this consideration was the fact
that if the same majority voting technique first used
on the Servo Amplifier was used on the DC Amplifier, quite
a few parts would have had to be added. (3ee Appendix
A for first method of Voting the Servo Amplifier). This
would have amounted to 38 parts per Amplifier or 114
parts added in all. Thus a new method of majority voting
was looked for. One method discovered would be very
simple - requiring only slight modification to the present
IC Amplifier. This involves the addition of two resis-
tors per Amplifier. A resistor would be placed between
each Amplifier differential output and the voting node,
which is also the point that feedback is taken off. This
method would probably not work for the Servo Amplifier
because the added resistor would be too large for the
desired output current.

VVV

DIFFERENTIAL
AMPLIFIERS
AN MAJORITY VOTING




3e

MCR-67-239

A thorough investigation of this method was
not made due to the lack of time. However, it was
felt that there might be problems (such as output
stage saturation) so a conservative approach was
taken. The Majority Vote DC Amplifier final
form uses the, same techniques as the Majority Vote
Servo Amplifier (see Figure 5). The one exception
is the use of resistors before the Voting Node to
increase the open loop output impedance, instead
of taking the output off collectors. The parts added
were not as numerous as first considered necessary,
(14 additioral parts instead of 38 per amplifier).,

The Majority Vote DC Amplifier of Figure 6 was
the configuration used in the reliability study.
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1.3.0 Reliability Study of Autopilot
1.5.1 Reliability of Existing Autopilot (Case I)

Case I - The probability of failures equation

was derived for the existing pair and spare
Autopilot from a truth table of failures and
successes. The questionable cases were considered
failures so the derived equation is conservative.
The symbols used in the truth table have the
following meanings:

Q = probability of failure (0) of the Autopilot
channels exclusive of the comparator circuit.
This stands for failure of the drive, reference,
or spare channel, Alsc referred to as the
unreliability of the autopilot channels.

Q. = probability of failure of the comparator
curciut (or unreliability).

Also, R, probability of success (1) of autopilot
channels = 1-Q.

And R., probability of success (1) of comparator
circugt = l-Qc.

The truth table shown in Table II was used in
deriving the reliability equations.

33
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Combining the failure terms from the truth table the probability
of failure equation for the pair and spare is:

Ynanaer = T *+ 1 - Q) + R - @ + 2°Q - Qa - Q)
+QQ L - @°
= 29% + 24 Q- & - 3% + o
Qnannel = 2(° + Q Q) - Q@ + 3Q2Qc) + Q3Qc

For actual calculations the last term was dropped because of
being negligible, giving:

Upanner = 2@% + @4y - (@ + 3%

This equation is used to determine the reliability for
Case I by summing the probabilities of failure for the three
phases of flight. The probability of failure for each phase
of flight is calculated frqm failure rates furnished from IBM.
- Electrical failure rates (4 e) were multiplied by an environment
modifier (K ) and then multiplied by the time of the phase of
flight (T).° This gives an unreliability /leK T, which is summed
with an unreliability for mechanical failures® mKﬁT,_giving an
unreliability £6r the phase of flight which is Q x 10 ~. The
same operation is used for calculating Q,., the comparator circuit
probability of failure. The equation for Q is then used
to determine the probability of failure forcgﬁ%nS%tch or yaw
channel for the existing pair and spare redundancy.
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1.3.2 Reliability of Autopilot with Majority Vote Servo Amplifier
(Case II)

Case II - The general equation for ma jority vote
probability of failure can be derived from the
following truth table of failures and successes.
This equation was used for Case II (as well as
Case III and Case IV), where the pitch or yaw
channel has three ‘identical channels, any two

of which need to be good for a success.

TABLE III Truth Table, Majority Vote

Terms for Probability

Channel 1 Channel 2 Channel 3 Failures of Failure Equation

0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 ) 1
1 1 0
1 1 1

F

F

Q3

A - Q)
Q2(1 - Q)

P - Q)

Combining the failure terms from the truth table, the
probability of failure equation for majority voting is:

Qg =@ + 3% - Q
= 3% - 2¢°
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1.3.2 Case II - (Continued)

103.3

].0,301+

For Case II (see Figure 3), this equation is used to
determine the total channel probability of failure. The
channel.unreliability Q differs numerically from that
used in Case I by the addition of the unreliabilities of the
nine parts added to enable the 50 MA Servo Amplifier to
majority vote, Otherwise, the Q's are determined in the
Same way as that used in Case I,

Reliability Analvysis of Majority Voting at the Servo
Amplifier and D.C. Amplifier (Case III;

Case III - The same basic majority vote equation for
probability of failure is used in Case III as in Case
II. Case III, however, is voted on twice, at the IC
Amplifiers and at the S0 ma Servo Amplifiers (see Figure
4). The total channel unreliability is therefore a
summation of the two unreliabilities for the two parts
of the channel. The Q for the IC Amplifier has the
additional unreliabilities of the fourteen parts added
to majority vote that stage (see Figure ©y Schematic of
Majority Vote DC Amplifier).

Reliability Analysis of Autopilot with Maijorit Votin
at _the 50 ma Servo Amplifier - Alternate Configuration

Case IV - This case is the same as Case II except that the
parts count is the same as that for Case I. That is Q

for the channel is numerically the same as Case I. The
channel probability of failure, however, is determined by
the majority vote equation

Q=3F-2¢

This case was calculated primarily for purposes of comparison.
It is not unrealistic. Circuits have been proposed (See
Appendix A) that could vote the Servo Amplifier with an
actual reduction of the parts count over that of the

present Amplifier. This though, would entail more changes

to the Servo Amplifier than that shown in Figure 5,
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1.4 Autopilot Configurations Reliability Results

Table IV shows the reliability and probability of
failures for the four cases investigated for the first
burn, coast, second burn, and total flight phases of
the Saturn S-IVB stage operation. Comparing the
different cases to Case I, the existing Autopilot
configuration (pair and spare), there is a four
per cent decrease in failures by using the Case II
scheme of majority voting at the 50 MA Servo Amplifier.
By looking at Cases I and IV a better comparison can be
made of the reliabilities between the two techniques
of redundancy, pair and spare and majority voting.

Case IV uses a 50 MA Servo Amplifier with the same
parts count as the one used in Case I. The majority
vote system shows a 12 per cent decrease in failures
over the pair and spare redundancy.

Case III, which uses majority voting both at the
Servo Amplifier and at the DC Amplifiers, has the same
Servo Amplifier circuitry as Case I. To vote the DC
Amplifier an additional fourteen parts are needed,
Along with these parts are the nine added to majority
vote the Servo Amplifier. Despite these added parts,
Case III showed a 40 per cent decrease in failures
over the existing pair and spare redundancy. -
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2.0 HYDRAULIC SYSTEM FOR THRUST VECTOR CONTROL

In the previous study program (Reference 1) the
hydraulic system components and various redundant actuators
were analyzed at the piece part level. Equations were
derived describing the generic failure rate of each com-
ponent. These equations were further classified into
separate catagories depending on the type of failures
and their effect upon various redundancy schemes. The
component Generic Failure Rate equations were derived
for various phases of the launch vehicle mission including:

Ground check-out
Countdown

Engine Start
Flight '

A computer program was developed to perform the necessary
. computations which determined the weight, cost, and
probability of failures during ground check-out, engine
start, and flight for the following hydraulic system
configurations.

Single System, Standard Actuator
Single System, Majority Vote Actuator
Dual System, Standard Actuator _
Dual System, Majority Vote Actuator
Dual System, Tandem Actuator

The computer program performed the above calculations

for various ranges of hydraulic system pressures, engine
gimballing torques and actuator moment arms. A sample
calculation was performed using the hydraulic system
design parameters for the Saturn S-IV B thrust vector
control system. The results were presented in Reference 1.

In order to arrive at the reliability of the hydraulic
thrust vector control system, the approach was to deter-
mine the reliability or probability of failure of the
previous system configurations for various time phases
depending on the system operating mode during the coast
or on-orbit phase of the S5-IV B operation. This approach
required the modification and use of the computer
program developed during the previous study.
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The computer program of the previous study was written
in Fortran II-D language to be used primarily on an
IBM 1620,
Disk Storage Drive. Due to the size of the program and
the limited storage capacity of the IBM 1620 Computer
it was decided to convert the computer program for the
GE 1130 Computer using Fortran IV language while in-
corporating the necessary modifications.

Mark II Computer augmented with an IBM 1311

In modifying the computer program, it was
necessary to change the reliability equations stored
in the computer which were included in reference 1.

In the previous study, the conversion of failure rates
to probability of failure were accomplished through the
following approximation:

Q=1-R

Q=1-e

t/t
t

Q=1-% (for + (.01

Q=

t t
1 - (EFRIKEKI(K,) ¢t
107

Reliability

The probability of failure

Operating time during various mission phases
Mean-time-to-failure

Generic failure rate

The application factor which takes into account

the application of the piece part with respect

to the component during component operation.

The system function modifiers which adjusts the
failure rate taking into account the function

of the component with respect to the launch
vehicle during periods of operation being consid-
ered

The operating mode factor which adjusts the
generic failure rate to the various external
environmental conditions.
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For any hydraulic system thrust vector control
operation during the coast phase of the launch vehicle
the generic failure rate (GF,) and the application
factor (K,) do not change from those during powered
flight. € remaining problem therefore was to deter-
mine the envirommental operating mode factor (KOP), the
system function modifier K., and the time (t) in
seconds of the various mission phases where a signifi-
cant change in external environments occurs.. The
analysis and values derived for these factors for the
Saturn S-IVB Stage operation are discussed in Appendix
B of this report.

Using the new values of K N s and t, the component
reliability equations F and theé unreliability equations
Q were rewritten and reprogrammed into the computer,

Since the probability of failure is a function of
the K., factor, there is a difference between the two
study results of approximately a factor of 4.

Another significant difference is between the
probability of failure during ground testing phase of
the two study programs. During the conversion of the
computer program the G.E. 1130 computer picked up an
error in the original computer program equations. The
nature of the error was an "undefined variable" in one
of the ground test probability of failure equations.
It is suspected that the IBM 1620 computer failed to
pick up the error and instead picked an arbitrary number
for the undefined variable and continued with the
computations.

In the previous study program the external leak
failure modes of the majority vote servo valves were
considered catastrophic in nature, however in actuality
the present design of the majority vote actuator
ports the servo valve housing cawity and the piston
rod leakage to the return portion of the hydraulic
system. In the present study program the equations of
the majority vote actuator were modified such that the
servo valve and piston rod leakage were not considered
catastrophic. The result is a significant improvement
over the standard actuator than was predicted in the
previous study program.
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After the checkout of the new computer program

was completed, the new environmental factors were
programmed into the computer along with the design
parameters of the Saturn S~IVB hydraulic system.

The results of a sample calculation for the S-IVB Stage
hydraulic system is summarized in Table V. This

table shows the probability of failures during ground
test, countdown, engine start, first burn, coast, and
second burn phases of the S-IVB operation in addition
to the total probability of failure from first ignition
thru the end of the second burn flight phase. The
total probability of failure includes the first engine
ignition, first burn, coast, second engine ignition and
the second burn phases and was determined by the
summation of the probability of failures during each
phase of flight. It was assumed that the environmental
conditions during the second engine ignition were not
significantly different from those during first ignition
so that the probability of failures during both engine
ignitions were considered to be the same.

The results of the S-IVB operation obtained
from the previous study program are presented in Table
VI in order to compare the results of the two study
programs,

In comparing the results of the computer programs
for the Saturn S-IVB Stage hydraulic systeu there is a
significant difference between the probability of
failures during engine start and first burn calculated
in the previous program and those calculated in this
program. This difference is attributed to the fact that

the K., factor used in the previous study was 1000 for all

hydragfic components which is typical for the Titam III
upper stage vehicles whereas the K p factors derived
for this study were as high as 4299
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On April 20, 1967, a meeting was held at the George C.
Marshall Space Flight Center National Aeronautics and Space
Administration, Huntsville, Alabama, between Martin and
NASA personnel to review the pregram schedule and the tech-
nical performance of the study program to date. At this time
the Martin Marietta Corporation was asked to investigate the

possibility of including the following additional effort -
in the study:

a. Determine the reliability of the Saturn S-IV
Stage hydraulic system utilizing a single hydraulic system
and majority vote actuators with the existing engine driven
pump and the motor pump operating in parallel during the
first and second burn phase of flight. The reliability
of this system would then be compared with hydraulic
system configurations already investigated,

b. Determine the reliability of hydraulic systems
already under investigation for the S-IVB operation using

a system pressure of 2500 psi and the same actuator piston
area.

The reason for this request is that there is a strong
possibility that the Saturn S-IVB Stage hydraulic system
will use the three torque motor majority vote actuators in
place of the present Standard actuators. Consideration is
also being given to operating the existing engine driven
pump and the motor pump in parallel during all powered
phases of the S-IVB Stage operation as an added improvement
in reliability. Use of the three torque motor majority vote
actuators will result in an increase in system internal
leakage since three valve first stages per actuator are
required instead of only one for the present actuators. In
order to compensate for this, consideration is being given
to lower the system pressure from 3650 psi to 2500 psi.
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The technical approach to accomplish the additional
effort was to rerun the computer program and change
the input data cards such that the operating pressure is
2500 psi. Since the actuator moment arm and piston area
are to remain the same it will be necessary to reduce the
engine torque proportionally with the reduction of system
operating pressure. Under this approach the results of
the computer program is conservative since the
computer program was derived assuming that the hydraulic
system components are designed for the particular operating
pressures derived. In the case of the proposed change in
the hydraulic system the existing components which were
designed for an operating pressure of 3650 psi would be
operated at 2500 psi which, from a reliability standpoint,
is an improvement since the components would be operated
at a much lower stress level than originally designed.
The computer program output does not reflect the
reliability improvement resulting from lower stress levels.
However, for purposes of comparative evaluation, it is
believed that the existing computer program is adequate.

In order to evaluate the effects on system
reliability of reducing the hydraulic system pressure from
3500 to 2500 psi and operating the motor pump and engine
driven pump in parallel, a comparison was made of the
following hydraulic system configurations.

1. Existing Saturn S-IVB stage hydraulic system
operating at 3500 psi with the primary
hydraulic power derived from the engine
driven pump,

2. Existing Saturn S-IVB stage hydraulic
system operating at 3500 vsi with the
engine driven pump and motor pump operating
in parallel,

In order to accomplish this investigation the
computer program was modified to take into account
the motor pump and engine pump operating in parallel.
In the third configuration the engine torque input
data to the computer program was reduced proportionally
to the reduction of system pressure such that the
actuator piston area and system flow would be the same
as in the other two configurations.
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Table VII shows the reliability and probability
of failures of the three hydraulic system configurations
investigated. It should be noted that the reliability
and probability of failures for the configuration in which
the system pressure was reduced to 2500 psi is
conservative since the computer program results are for
a system which was specifically designed of a 2500 psi
system. In case of the Saturn S-IVB proposed change the
hydraulic system was specifically designed for 3500 psi
operation and would operate at 2500 psi. The results
shown in this case does not show the reliability improvement

as a result of operating at a lower stress level than the
designed level,
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CONCLUSIONS

Based on the analysis and results of this study, it was

concluded that:

1.

2.

5.

The probability of failure of the existing S-IVB auto-
pilot could be reduced by 44% by modifications which
would allow majority voting of the three existing
channels at the output of the D.C. amplifier and the
50 ma servo amplifier,

The probability of failure of the existing autopilot

and hydraulic system could be reduced by 49% by replacing
the existing actuators with Majority Voting actuators, and
operating the hydraulic system at 2500 psi with the

motor pump and engine driven pump in parallel operation.
This reliability improvement is essentially independent

of the autopilot configuration investigated.

When considering the reliability of the combined auto-
pilot and hydraulic system the contribution of the
autopilot improvement is not apparent due to the

large difference in the reliability of the two basic
sub-systems. ‘

The autopilot configuration, which would cause the least
impact and cost to the total system, is the one which
deletes the comparator and switch circuits of the
existing autopilot and connecting the three autopilot
output pitch and yaw channels to the three servo valves
of the Majority Voting actuator.

The weight and cost of the hydraulic system did not
change as a result of the expansion of the scope of
work in this study; therefore, the weight and cost
figures of the previous study are still applicable.
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Autopilot Electronics Analysis

1.0 ANALYSIS OF EXISTING SATURN S-IVB AUTOPILOT

The examination part of the study was to become aware of
features peculiar to the system as well as detailed analyses
of circuitry. Some of the more salient features of the channels
studied are: 1) The use of Balanced Differential input lines
for rate and attitude signals from the A/P inputs through half
of the 50 MA Servo Amplifiers. This takes the attitude signals
on Balanced Lines through the DC Amplifiers, the Filters and
into the Servo Amplifier. The rate signals come into the A/P
on Balanced Lines and go through filters where the attenuation
is changed in the second S-IV B burn mode (Sequence S-IV B:
First Burn Mode, Coast Mode, Second Burn Mode). 2) The use
of separate power supplies in each Amplifier to achieve the
desired isolation and reliability. The power supplies have
+ 28 VDC inputs for the Servo Amplifier and a + 28 VDC input
for the DC Amplifier. The DC supplies consist of inverters,
rectifiers, and regulators. The output voltages are + 20 VDC
for the tramsistor circuits of the Servo Amplifier and 60 VBC
for the DC Amplifier. A square wave voltage of 1 K HZ is supplied
for the Magnetic Amplifier in the Servo Amplifier. 3) The use
of Push-Pull, Full Wave Magnetic Amplifiers for isolatiom of
the many inputs for low drift, and most important, for differ-
ential summing. 4) The use of sensor redundancy - "Pair and
a Spare" - at the channel output. A Servo Amplifier, which
drives the actuator, is compared to another Servo Amplifier.
If a malfunction occurs in the two Amplifiers being compared,
a third Amplifier is switched into the channel to drive the
actuator. 5) The use of quad redundant relays at the critical
point in the front end of the channel, before it is broken out
into three redundant paths.

Figure A=l shows the block diagram of that part of the
Apollo Autopilot which the study covers, which is the S-IV B
Gimballed Engine Actuator channels.
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l.1 50 MA Servo Amplifier - The 50 MA Servo Amplifier is
used to drive the Gimballed Engine Actuators. It has a
balanced differential input and a single ended output, which
is voted on in the comparator circuit ("pair and a spare").
The Servo Amplifier features magnetic summing of attitude and
rate signals into a push-pull magnetic amplifier front end.
The rest of the amplifier is made up of differential transistors
and driver stages. Each Servo Amplifier has its own powver
supply, furnishing 1 K HZ to the magnetic amplifier gate
vindings and + 20 V to the transistors. (See Block Diagram,
Figure A-2)

l.1.1 DC Analysis - The DC Analysis was accomplished
by starting with Ql2, since the base on the right is ‘
approximately O V. This establishes the DC volts on the
base of Q8 as approximately O V and determines the collector
currents of Q6A and Q6Bs (See Schematic, Figure A-3)

l.1.2 AC Analysis - The forward loop gain, I /I. will

be determined by solving for the gains (nominal) fSr the
following stages:

1o
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50 MA SERVO AMPLIFIER

Input Power _ 22 to 32 Vdc, 2.9 watts maximum
(28 volts nominal)

Electrical Characteristics:

Input Signal

gYorg?pe 33.6 or 438.4 Vdc, positive or negative
AN é Y or'élé P 7.4 Vdc, positive and negative

Current Gain 1.1 milliamperes per turn (¥2%)

Input Current Not more than O * 30 microamperes

into 450 turns per stack for full
output signal

Output Impedance Greater than 40,000 ohms from O to
: 20 Hz
Output Current A full output swing between O and 50

milliamperes, positive and negative,
as developed across a 100-ohm valve

load :
Dynamic Response The 3 db down frequency is 55 (¥5) Hz
Null Offset With no input signal apglied, null

offset is less than O = 20 mV
referred to input

Source Impedance Not less than 20,000 ohms and isolated
by at least 150,000 ohms from the
28 Vdc supply voltage
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NULL CONDITIONS.
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Magnetic Amplifier Open Loop Gain - The Magnetic
Amplifier is used in the front end of the 50 ma Servo
Amplifier (see schematic, Figure A-3), It is of the
full-wave, push-pull variety which hag good drift
characteristics with variations in temperature and
supply voltage. The supply voltage is 1K Hz

Square Wave , The cores are biased to
saturate (fire) at approximately 90°. With no
signal in, the two cores saturate at the same time
and the resulting output voltage across each dummy
resistor (619{L) is of the same magnitude, but of
opposite polarity. Thus there is no output. When
there is an input signal, one core is aided by the
flux due to the input and will saturate earlier.
The other core is opposed by the flux due to the
input and will saturate later. The sum total of the
outputs across the dummy resistors will now be a
voltage pulse of the polarity corresponding to the
core which saturated first. The change from null
was brought about by an earlier saturation of a
core (push) and a later saturation of an opposing

core (pull). , |

2

CORE #) Rp, :
v
Rp,
Vo A
+ 4
VR
D
CORE *2 2
© 3
SATURATION
OUT'PUT CONDITIONS | |
2F r‘F—'g;‘*~
CORE ¥ -0 A+]conc#; o
SATURATED —t = .
RW Gl T e 32TURATE” "‘At‘.
i ’
Vo -CORE ¥ 2
CORE # 2 SATURATES Vg = VRD‘ =VPD|
GIOING TO 619 VRD Vs (ava) = e?t
SATURATION 2 %
(AT LATER b

THAN CORE #1)

R R
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Derivation of Open Loop Gain:

The transfer function for the Magnetic
Amplifier will be derived for a change of
average voltage out for a change of average
current in

G =AVO ave
AIC avg

The change of voltage out can be expressed in
terms of a change of flux in the core

= o

or eAt = N AP¢g
g Tat
v _ & t
avg 1/2 £

The change of flux can also be expressed in
terms of a change of mmf

AQ; -x n A1
g 8
=KN E A1
g8 § c
8
CAC
eAt = K
NN AT,
e At =KNch AIC
v. =S4 _ Nk oofN Al
avg 1/2 f " "¢ g ¢
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-4V =
Thus G =© avg = NcK 2ng
avg

l.1.2.1.2 Calculation of the Open Loop Gain:

The cores used in the 50 ma Servo Amplifier
are Magnetic Metals 47A8702. The core gain K,
since it is push-pull, is twice that for the
single ended case derived above.

x_20¢ _ 2AB A
CTNAI T AE 1

%% can be obtained from the Constant Current Flux
Reset Data (CCFR) and is:

ﬁg = 48, - AB)

AR, - AR
= 1/3 Bmax
BH, - 8H
4B 8100 Gauss : )
AH ~ (3)0.0095 Oersteds nomnal}y
" (2)(8100)  Gauss 10°®  Webers/cH
| (3)(0.0095) Oersteds 79.6 Ampere-Turns/CM

0.0428  CM°
.49 CM

6.82 x 10-5 Webers
' Ampere-~Turn-

And the Transfer Function is

AV,
T -,

= (450)(6.82 x 1072)(2 x 10°)(360)
AVo 3 Volts

AIc 22.1 x 10 m
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l.1.2.1.3 Magnetic Amplifier - There is some disagreement with the
NASA approach in determining the open loop gain V. /I.
For the time being the NASA Value will be used. in’ “in’
(It is the smaller)

vV,
_l..; = l6l+5 Volts

in Amp

1.1.2.2 Gain (VE/vl) of Differential Stage Q6 - Equivalent Input

Circuit:
A
g™
619 1.5K

Assuming = and R, =R
B, TR e, = e

1 2
V, = Bi 2R
i = il 4
3K + 20K + 2(hie + Ré)
=i, 3K
3K + 20K + 2 (11.4K + 460(245))
i, = 3 i
b 1
290
i, = !
1 a6 38 /7 (20K + 2 (11.5K + 56035y
. v
11 = 1
.01K
v
vg_ = (460) ( %= 290 ) (= 01K) (2) (4.03K)
1

9.03
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l.1.2s3  Gain v3/v2) of Differential Stage 910, 11

Vs By // 10K + (hie(ql2) + BRy) // (hie(Q8) + BRy)

V. r +r + 2
2 e e RB
1 2 B +1
!
: = o02K
79.3

v

?2 = 63-2

2

l.1.2.4 Gain V4/V3) of Differential Stage Q12

E& _ RL // hie (Q14)

Vv r +r
3 e e +RB
‘ 1 2 B +1
429
= 22k
3

1.1.2.5 Gain Vs/vq) of Driver Stage li

ZE ) R // (hie(Ql5) + BRE)
v

4 re+RB
B +1
_BCMK
=787
v
2 - 43,2
Vi
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1.1.2.6 Gain IO/VS) of Ql5, Q7, and Q9

I

o _.% 71
V5 V5 V6 RL
where E ) RL
T =
> RtRp+ Ry
_ B+1
and VO the output transfer function has a similar formula
3
then I, 1.99 140 1
V5 2.05 155 1ho

6.32 x lO-3

1.1.2;7 The forward loop gain (IO/IN) for the nominal case:

I
I}
o
>

"
+
o

<(1651+)(9.03)(63.2)(1.91)) ((%.2)(6.32) x 1o'3>

- (1.8 x 106) (0.273)

I
2 . 491 x10°
IN
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1l.1.3 Transfer Function of Servo Amplifier (AI = IO/IN)

L
vy % ' oy 2 e
g l/
1
.Lf Rf Vf
~ /N N
C f
(ﬁ‘ Iy - N_Ix> A -V A, =1,
|\ g g
[/ N N R
[+ f S
(N— IN-N— IO R—) Al-IORJ A2=Io If=I
L g g f
Vf =
N N, R
c f S
¥ M8y - F 7. MALy - Rsho1y = I
g g f
N R N
f S c
IO f‘l— ﬁ- AlAZ + RSAZ + l) = N AIAZIN
g f g
b- Nc/Ng ALA,
IN Nf/NS E AlAE + A2Rs +1
Rg
I N. R N, R
0 c °f £ s )
Al = ——F = — if == =— AA.>>RA_ +1
I I, N, Rg Ns R, 172 s 2
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Using the approximation with the range of feedback
resistance of 21K + O to 2K, the gain range is:

- 320 21K to 23K _ 3 3
A =38 S5 = 1.575 x 10° to 1.725 x 10

This agrees with the spec which requires 50 MA out
for 30 pa into the 450 turns. That is:

I -3
0 20 x 10 3
—— = =1 .667 x 10

30 x 10

DC Amplifier = The DC Amplifier is used in the front
end of the Gimballed Engine Actuator Channels to
amplify the Pitch and Yaw Attitude Error Signals
(See Figure A-1)., The attitude signals are carried
on isolated balanced lines (double ended) both into
and out of the Amplifier. Each Amplifier has its
own power supply with + 28 VDC inputs and a 60 VDC
output for the Amplifier Circuits, which are all
transistors. Feedback and input resistors are used
to set the voltage gain at a predetermined value from
0.5 to 25.0 (See Figure A-4 for open loop block
diagram and Figure A-5 for the schematic).
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DC Analysis of DC Amplifier - The DC Analysis of
the DC Amplifier (see schematic, Figure A-5)
will be accomplished by writing the DC equations
in terms of the collector current of Q6 (Il)

and the emitter current of Q9 (I,). This will
yield two equations in two unkno®ns and all

currents and voltages of the Amplifier can then
be solved.

Starting with I, and the voltage (V,) due to
it, at the juncéion of the 2002 emitter
resistors of Q9 and going to Il by way of the
current source Q5:
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IC Analysis of DC Amplifier - (Continued)

a. DC Analysis of DC Amplifier - (Continued)

V3 = 60 - I3 (3.9K) - 0.6

—
]
-

7 = T13k (V3 + 0.6)
1
and Il = 700K 17 (33K) + 0.6 - 0.6
or I =2 1__ (V, + .6)(33K)
1 100K 113K 3 *
1 1 L,
= TO0K m [OO - I3(3.9K) - 0.6 + 0.6] (33K)
Thus I, = 0.175 x 10 - 0.0114 I3 N

Now starting with I, and finding it in terms of 13
by using the collec%or currents of the following

stages:
(I2 + 15) 80K + 12/2 (1.5K) + 0.6
I, =60 - SToR (2)
Solving for 12 in terms of 13:
I I, (3.9K) + 0.6 + I./2 (200) + 0.6
= 3 3

36K
T - 4 I . 1.2
2 T 18 '3 18K

Solving for I_ in terms of I

?3.0c (60 2 1(3.9K) - 0.6)
I = I3 =g - 113K
) 1 1\ _ 59.k
Ig = 3.9 13 (g + 113 113K
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. 1.1 1
Thus 12 + 15 = 13 3.9 ( T+ 113) +=53 +71

1.23 I, - 0.460 x 10~

3
T Y« 1073
And 2 = 0.1l1l1 13 + 0.0333% x 10
2

Substituting back into equation (2)

I - 96.2 - 98.7 I
1~ 210K 210 73

I 0.459 x 10~ - 0.470 1

L (3)

3

This givestwo equations in two unknowns (1) and (3)

(1)
(3)

0.175 x 10™2 - 0.0114 I

I
1 -3
0.459 x 10 © - 0.470 I

h

3
3

which solved simultaneously yield:

13 0.62 ma

I1 = 0,168 ma

Now the other currents can be solved:

I
2
<5 = 0.102 ma
I# = I3 = 0.155 ma
I6 = 0.605 ma
= 0.509 ma

I7

With these currents, the transistor collector to
emitter voltages were calculated and recorded on
Figurs A=5.
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l.2.2 AC Analysis - The forward loop gain (vo/v. ) will be
determined by solving for the voltage gainis of each

stage (for the nominal case). CO%%‘EPCQ,_EEDD
4 DIFF| V, [DIFF] v4 [DIFF! V. Vo
IN AMP 2 AMP 3 AMP‘ 4 | AMPLIFIERS
== 27 193] Qi0, 11, i2
v R.// (h. + BR.) where and = total base
vg = L e RE and emitter reSistance,
in + including intrinsic resistance
B+1 RE when appropriate
< (200K) //400(1 . 7K)
" 100K
35 * 30
= 252
\_12 R // (b, +BRY)
v, Ry
2
B+1" E
= 36K // 200(260)
K
%ﬁ + 107K
= 1205
2 ) R, // (b, (QL0) + BRy) // (h, (@1, Q12) + BR)
Vs R
3 ——
B+1 ' RE
_ 60K // 400(312) // 200 (312)
- K
% + 260
= 86.3
V5 &
Vv, “ r
b Fbi——l + RL + re

0.661
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Thus the Open Loop gain is:

Yo

in

(252)(12.5)(86.3)(0.661)

180 x 10°

Transfer Function Analysis

] 1 t
if En A O and In £0

v
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- ' ' - '
En En - (En EO) In' _ En
R ‘ R B - R!
n f n
Now E'A = EO
So EO/A . EO/A . Eg . EO/A ) :f&
- —_— =
Rn Rn Rf Rf Rn
1 1 1 1 -E
E. ( -+ + + ) = n
0 ARn ARn Rf ARf R
n
Thus Eg o 1 1
E - R 1 1 1
n n R, + 1 (g7 + % )
n n
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and E, Re gLyl (L L1
O S § -
E R Re A R R
For the differential case where
E, =V, =V, and Ej = V5 - Vg
R R
V.= = ' f T 4
10 - 1 Voo R 2
n n
R R
v Vo.== "f V, + £V
10 20 = 1§ 2
n n
-R
= °f
7 (vl-vz)
n
tus ‘10~ V20 B¢
Vi-V, R

2.0 T III MOL MAJORITY VOTE AMPLIFIER - The T III MOL
majority vote amplifier is shown schematically in
Figure A-6. TFigure A-7 shows that variation of the
majority voted output as a function of two input
signals close together with a varying third signal.
The curves shown were obtained from laboratory tests
of the Titan III MOL majority vote amplifier.
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5.0 MAJORITY VOTE CONFIGURATIONS FOR APOLLO AUTOPILOT

Suggestions for Majority Voting the Apollo Autopilot
will be made, which could affect both the idance and the
Rate Signals (see Block Diagram, Figure A-1 ),

v An obvious first choice for Majority Voting, when
using the Majority Vote Actuator, is to eliminate the Servo
Amplifier Circuitry and send all three signals from the
Servo Amplifiers to the Actuator. This would handle all
single failures in the Autopilot.

If more reliability is desired, then Majority
Voting can be done inside the Autopilot. One choice
could be the 50 MA Servo Amplifiers.

B

il
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(PVOTING

NODE

A different arrangement of ,
feedback would not solve our problem as it is
the Open Loop impedance that has to be high.
This is due to the fact that when the Amplifiers
saturate, they are operating virtually without
feedback. As the Servo Amplifiers exist now,
feedback is arranged to boost the Closed Loop
output impedance, but this does not help
Majority Voting.

Another choice for Majority Voting could be

the DC Amplifiers. This would not vote out any
failures in the Rate channel, but would protect
the DC Amplifiers. The system could then
tolerate a failure of a DC Amplifier and another
failure downstream up to the actuator Voting
Node. The same comments made before about
boosting the Open Loop output impedance would
apply to the DC Amplifier.
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AAA VOT\ING. NODE
O—AN——0—
, o +—oO
MN/ VOTING
NODE
AN
O—AANA————] ) — 0 DIFFERENTIAL
$—0O OUTPUTS
AN -
AN
O—AAM—8— —&—¢—1—0
O—AAA —- —®——O
AN J

If Voting took place at the DC Amplifier and the
Servo Amplifier (as well as at the Actuator),

then the failures that could be tolerated would

be a DC Amplifier plus a Relay or Filter or

Servo Amplifier, plus an Actuator. The reliability
figures for that configuration will probably not
show much improvement over the configurations
mentioned previously.

Somewhat outside the scope of this Study, but
another place that voting could occur, would

be inside the Control Signal processor. The
Amplifiers in this unit that are voted on with

a Comparator Circuit, could probably be Analog
Majority voted, or the signals could be sent to
the Autopilot and amplified and voted on there.
This would eliminate the quad redundant relays

as well as the Comparator Circuit in the Control
Signal Processor - all of which are in the Spatial
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Thruster channels. Majority Voting could
probably be used to advantage, however, these
areas are not to be considered in this study.

A possibility of improving the number of piece
part failures that the system could tolerate,
would be to increase the number of Amplifiers
voted. Such as:

INPUT —g-

A
VAN ‘——i:>>———4kﬂkﬂ-CHANNELI
A
#—/\/\/;—o—>——’—¢-+cnmnm. 2
—A
A ’e H-‘-—,-CHANNEL 3
YAYAA
—MN——- >—+-~

It is doubtful if four Majority Vote Amplifiers

of the Titan III variety would operate properly
under normal conditions. Five Amplifiers

probably would, but then you would have the peculiar
situation of being capable of withstanding one or
three Amplifier failures but not two Amplifier
failures. These problems could probably be designed
around, but very little work has been done in this
area so far.
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4.0 MAJORITY VOTE CONFIGURATIONS FOR THE 50 MA SERVO AMPLIFIER

This section of the Appendix will cover the conceptual
design configurations of the Majority Vote 50 MA Servo
Amplifier. Two general configurations will be considered for
Analog Majority Voting the 50 MA Servo Amplifier. The first
keeps the two feedback loops of the present Servo Amplifier and
the second has only one feedback loop. Two output circuits are
also presented as being able to meet the design goals in a
number of circuit configurations. These are discussed and compared
with considerations of Open Loop Output Impedance, Open Loop
Gain, and Piece Parts Count. The more promising circuits are
presented in conceptual schematic form for the full Majority
Vote Servo Amplifier. The protection of the ""'voting node" is
then discussed, this being applicable to any of the various
circuits for Majority Voting. The voting node is the common
output point of the three voting amplifiers, that is
where the three outputs are physically attached to one another.

The three choices for a Majority Vote Servo Amplifier
boil down to this: the more changes made, the more piece
parts saved.

4,1 Goals for Design of Majority Vote Servo Amplifier -

a. Increase Open Loop Output impedance, even when
the amplifier is saturated. '

b. Protect voting node from single piece part failure
or power supply failure.

¢. Maintain present performance levels of Open
Loop Gain, Current Drive, Null Offset, and
Dynamics Response.

d. Low piece parts count - Design Goal of keeping
the piece part count the same on the Servo
Amplifier.
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This would eliminate the entire Comparator Circuit

(109 parts) when the Servo Amplifier is Majority
Voted.

e. At least one altérnate way of Majority Voting to be
developed as study progresses.

4,2  Two Feedback Loop

The first general configuration to be considered for
Majority Voting the Servo Amplifier is the following:

Iin

. NS N
> T e
AW -
R,, L,
VVO'\:NG'
LIy N N NODE
’T L~ L~ :? R,
AAAY,
Re Rg
Iin N
P

A

73 N7
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Here the two feedback loops are kept and the voting

is done at the power amplifier output. The differences
between this method and the method normally used for
Majority Voting are: 1) there are two feedback loops
while normally there is only one, 2) the load is much
greater for the Servoc Amplifier, that is much more drive
capability will be needed, and 3) current feedback is
used instead of the usual voltage feedback. This means
that the place where feedback is taken is not the same as
the voting node. The voting node and the point feedback
is s;nsed are separated by the load impedance (the actuator
coil).
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A good way to increase the output impedance is to drive the
load from the collectors and the complimentary symmetry
arrangement lends itself nicely to the job. The first out-
put circuit considered is a single-ended to single-ended
arrangement.

+ VOLTS

INPUT

— YOLTS

Using representative values for the components, a gain of
from 10 x 10=3 to 20 x 10-3 ma could be expected from this
circuit, v
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This circuit could be placed at the output of the
Servo Amplifier (see Figure A-3, 50 ma Servo Amplifier). This,
however, would be a waste of parts as well as more difficult
to stabilize. A better place to use the circuit would be at
the collector of Q14 and eliminate Q15, Q7, and Q9. (See
Figure A-3, Majority Vote 50 ma Servo Amplifier). This
would eliminate nine parts and add fourteen parts so that for
the three Majority Vote Amplifiers there would be a net of
fifteen parts added. However, since the entire comparator
circuit was eliminated (109 parts), there would be a met
elimination of 9% piece parts.

Other considerations of this circuit change are:

a. Open Loop Gain - This will be increased some, perhaps
as much as two to three times. This will probably
necessitate adjustment of the stabilizing circuitry.
It could also mean higher reliability by the
elimination of the 2K feedback adjustment resistor,
which is used to set the closed loop gain. If some
closed loop gain adjustment was still desired, a
higher open loop gain would make the use of fixed
resistors more practical.

b. Drift or Null Offset - Should not be affected very
much since there is at least a gain of 10° preceding
the output circuit. However, since the closed loop
gain is high (1667 ma/ma), any contribution to offset
of the output circuit could be minimized by using
input diodes in place of resistors.

-

e



8-V d4N9I4 | “ON
43141 1dWY OAH3S ILOA ALIMOPVW
WVYHOVIQ DILVAIHOS

‘AB'BI

® bwy|

o)

Ag'8l

L

o]0}

6£2-19 - WON




A-35

MCR-67-239

+ VOLTS

INPUT O—@

- VOLTS

c. Drive Characteristics - Since the closed loop output
impedance will be increased considerably (about 103
x the former closed loop output impedance), the
output characteristics of the Servo Amplifier will

be much less affected by impedance variations in the
actuator.

4,3 Single Feedback Loop

a) Another way the output circuit could be used is to
connect it to the collector of QlO. This introduces
us to the second general configuration for majority
voting the Servo Amplifiers, which has one feedback
loop.

1T L
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R
—ANW
INPUT
Ry
VOTING NODE
INPUT
INPUT

This would eliminate Q12, Qlk4, Q15, Q7, and Q9. In all,
nineteen parts would be eliminated and fourteen added,
giving a net elimination of fifteen parts for the three
Servo Amplifiers (plus 109 parts for the comparator).

This scheme would also do away with the second feedback
loop and with six stages to stabilize, could be a
problem. To make up for the open loop gain lost by
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eliminating Q12 and Q14, the gain of QIO could be boosted
considerably by feeding the collector into another
collector as shown:

+20 O—
<
O
Collectors
f Q6
Feedback
F
. DC Feedback Ry
to base of
Q8 =
=20 O—

This gain (open loop) boost plus that already obtained
from the output circuit should just about make up for
that lost by the parts elimination. If more gain is
required or desired (to do away with the feedback pot)

& good place to get it would be in the tramsistor circuit
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first stage, Q6. (See Figure A-3). It is a good
place because any increase of gain in the first
stage or two, when their gains are low, would
greatly help the offset drift problem. Since the
nominal gain of Q6 is about 9, it could be expected
to be quite low under worst case conditions, say 1
or 2. If it was desired to eliminate the DC
feedback to the base of Q8, in order to increase
the open loop gain, & boost of the gain of Q6 would
then surely be required. (See Figure A-9 for Complete
Circuit, Majority Vote Servo Amplifier No. 2).

b) The second output circuit coneidered is a differential
input to single-ended output.

+v O S -

: S

INPUT '——jj . » I:j

r
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Here again the output is taken off the collectors of a
complementary symmetry stage to give a high open loop
output impedance. This circuit has good gain and drift
characteristics. By changing Q10 and Qll from PNP to
NPN, it can be used in a simple circuit (see Figure A-10,
Majority Vote Servo Amplifier No. 3). This arrangement
offers the most savings in piece parts, 24 for the three
amplifiers plus 109 for the Comparator Circuit. The
Open Loop gain obtainable could probably enable the
feedback pot to be eliminated, at least with fixed
resistors. With more balance in its stages, the drift
characteristics of Amplifier No. 3 will probably allow
dispensing with the DC feedback to Q8. A boost in the
gain of 'Q6 would also help. The elimination of DC
feedback increases the open loop gain, but DC feedback

onuld be gmployed if needed.

'COncegﬁual Design Conclusion

thority,Vote Servo Amplifier No. 1 involves the
fewest changes with a good boost in gain. Majority Vote
Servo Amplifier No. 2 and No. 3 offer the biggest savings

-in piece parts, but are the most drastic in change.

Amplifier No. 3 retains only the Magnetic Anplifier and the
differential stage (Q6) that it feeds into. The Magnetic
Amplifier is a very handy device for differential summing
and should probably be retained. The first transistor
stage could be made a lot simpler with a differential
Field Effect Transistor. The gates of a FET are not as
Sensitive to unbalanced impedances as the differentail
transistor bases. Also, a simple trim resistor arrangement
in the drain circuit would not only eliminate the Pot now
used but would eliminate four resistors. Altogether eight
resistors including a Pot could probably be eliminated by
using a differential FET instead of a differential bipolar
transistor.

Protection of the Voting Node

Protection of the voting node is necessary to keep
failures of the Majority Vote Amplifier and the power
supply from causing excessive loading of the voting node.
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Voting node protection is applicable to any of
the output circuits covered in this report. Twelve
parts for each Majority Vote Amplifier would have to
be added to the parts count previously discussed. The
following schematic shows the circuitry that would have
to be added. An explanation for each addition will be
given to only the top half of the circuit, since there
is symmetry.

Q1 - Redundant drive transistor, normally in saturation
but takes over the drive if Q2 shorts out. With-
out the voting node would be heavily loaded if
QZ shorted.

Rl' RZ - Biasing resistors for Ql

Dl - Zener Diode, prevents Drive Transistor from
saturating, thus keeping the open loop output
impedance high.

DZ' D3 - Diodes prevent excessive loading of voting

node if Q, has short from collector to base.

Also prevent excessive loading through the
.collector to base diode of Q2 and D1 if power
- supply fails. . '

See Figure A-ll.
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Voting

Node Feedback

4

-2V O—

Voting Node Protection
Figure A-11
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Appendix B
Hydraulic System Thrust Vector Control Analysis
1.0 RELIABILITY ANALYSIS

In the previous study the conversion of failure rates to

probability of failures were accomplished through the following
approximation.

e

£ t
Q=1-2= (for ¢ <.01)

t

_ (G (R D) (KL (K, ) (t)

Q=1
106
where: R = Reliability
Q = The probability of failure
t = Operating time during various mission
_ phases
t = Mean-time-to-failure
GFh = Generic failure rate
KA = The application factor which takes into

account the application of the piece
part with respect to the component
during component operation.

KF = The system function modifiers which
ad just the failure rate taking into
account the function of the component
with respect to the launch vehicle
during periods of operation being
considered.

KOP = The operating mode factor which adjusts
the generic failure rate to the various
external environmental conditions.
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During the previous study the Generic Failure Rate
(GF,) and the Application Factor (K,) were derived for
ground, countdown, engine start and flight. Since these
factors do not change during the coast or on-orbit phase
of the mission, the remaining factors that needed to be
determined for this study were the System Function Modifier
- (K_), the Operating Mode Factor (K.) and the time (t) of
the different operating modes. o

S;nce Kop i/EKt’ Kp’ K, Ks)

where
K, =f(temperature)

Kp = f (atmospheric pressure)

K = f (vibration)

v

Ks = f (shock)

The anticipated environmental conditions and flight plan of

the S-IV B stages during the coast or on-orbit phase of flight
were reviewed. With this information and data from the Titan
III C transtage program, the required K.., t, and factors
were derived. These factors were then lncorporated into the
previous computer prozram in order to determine the probability
of failures during the coast or on-orbit phase of the S-IV B
stage operating for the previous system configurations.
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l.l Analysis of Time Phases (t) of the Saturn S-IV B
Stage Operation - The Saturn flight AS-20% and
AS-504 flight trajectory data in Reference 2 and
3 were reviewed in order to determine the "worst
case'" trajectory with respect to orbit and engine
reignition time. It was concluded that the AS-504
flight trajectory would impose the most severe
requirement on the thrust vector control system,
The mission of the AS-504 flight is to insert
the S5-IV B and payload into a circular parking
orbit with a mean altitude (at the equator) of
185.2 KM (100 N Mi) and remain in a parking orbit
for approximately 1.5 revolutions if translunar
injection occurs at the first opportunity and
approximately 2.5 revolutions if translunar
injection occurs at the second opportunity.

Boost to translunar injection is accomplished
by a second burn of the S-IV B stage. A
tabulated summary of the parking orbit and
engine burn times for five launch azimuths are
shown in Table B-1.

It was concluded that the reliability of
the thrust vector control system should be deter-
mined for the following three major times phases:

S-IV B First Burn - .0362 hours
S-1V B Parking Orbit = .3.944 hours
S5-IV B Second Burn - .108 hours
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l.2 Analysis of Environmental Factors (KOP) - In the

previous study reference (1) and previous reliability
studies for the Transtage, it was established that:

K_=K +K +K +K
t v s P
where K, is a factor related to temperature

K is a factor related to vibration

K 1is a factor related to shock

]

K is a factor related to atmospheric

o]

pressure

Since the Titan III C transtage mission
requirements and the thrust vector control
system hydraulic components are similar to those
of the Saturn S-IV B stage the same technique in
determining the K _ for the Titan III C transtage
was applied in this study.

1.2.1 Temperature Factor (Kt) - From the Titan III C

Transtage analysis it was also determined that

= x

where T, is the nominal laboratory test temperature
and Tl %s the predicted environmental temperature.

For a Type II hydraulic system the temperature
range is =-65°F to 275°F.

For a Type II hydraulic system components Kt = 1000
at temperatures of -65°F. Assuming the nominal
component laboratory operating temperature is 100°F.
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T, - 100°F 2
K =2 2
t X

At T. = -65°F, K, = 1000 and solving for X

1
T~ 100\ 2
K _—_2 —.].'—_.
t 53.3

This function is plotted in Figure B-1l.

Examination of the actual hydraulic system

temperature obtained during the S-IV B-203 (reference ' 5)
orbital flight (see Figure B-2) does not

indicate adverse thermal condition of the

hydraulic TVC system during the parking

orbit phase.
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1.2.2 Vibration Factor (Kv) - From the Titan III C

Transtage reliability analysis it was determined
that -

2
Kv a (Grms)

where a = constant

Grms = anticipated vibration level in g rms.

For mechanical and hydraulic equipment (reference 1)

K =1000 for G =22 g rms
v rms

Solving for a
a=2.07
Therefore

2
Kv = 2.07 (Grms)

This relationship is plotted Figure B-3.
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l.2.3 Shock Factor (Ks) ~ From the Titan III C Transtage

reliability analysis it was established that the
Ks term is .

K, = .1105 (g t)

where

g = Shock in g's

t = Time duratioﬁ of shock loads

This function is plotted in Figure B-k.
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Ambient Pressure Factor (Kp) - Review of the

Titan III C Transtage orbital flight and the
environmental tests performed on the hydraulic
system components does not show any failure
that was attributed to high altitude or the
absence of atmospheric pressure particularly
for short orbiting periods. The term K_ was,
therefore, considered to be negligible.

Analysis of Function Modifier (Kf) - The system

function modifier adjusts the component generic
failure rate and takes into account the function
of the component with respect to the launch vehicle
during periods of operation under consideration.
The value of K, varies for O when the hydraulic
system is not pressurized to 1 for system operation.
For this study the K, factor was considered to be
1 during all phases:gf the S5-IV B stage operation
including the coast phase since the hydraulic
components would be pressurized by the motorpump
operation during the thermal conditioning of the
hydraulic system. :

Analysis of Generic Failure Rate Modifiers for

the Saturn S-IV B Stage Operation - After deter-
mining the relationship between the K , K,, K ,
and K terms and their respective environfent8l
paramgters and next step was to determine the
values of these terms for each hydraulic system
component based upon predicted or actual Saturn
S-IV. B stage flight data.

Table B-2 lists the shock and random vibration
levels predicted for the various hydraulic system
components of the Saturn S-IV B stage obtained
from reference 6, The maximum root-mean-square
vibration level was derived from the random
vibration requirement for each component by the
following relationship:

P
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[ f2 1/2
Grms = G (f) df
f1

where G (f) = vibration acceleration density

f2 = maximum vibration frequency
fl = minimum vibration frequency

The hydraulic fluid temperatures during the
S5-IV B boost and coast phase to be used for this
study was determined from references S and ‘7.

It was assumed that the hydraulic fluid temperature
at the end of the boost phase was approximately

4o °F less than predicted which would then
correlate with the temperature obtained at the
beginning of the coast phase during actual flight.
Table B-3 shows the temperature ranges and the
average temperature for the S-IV B boost and coast
phase.

The values of the K , K., K, and the resulting
K. factors for the hydrgulig coﬁponents of the
Sggurn S-IV B stage during S-IV B ignition, boost
phase, coast phase, and translunar injection

phase are shown in Table B-4.
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Appendix C

Computer Program

1.0 GENERAL PROGRAM DISCUSSION

The computer program derived for the previous study was
designed around an IBM 1620, Mark II computer utilizing
Fortran II-D language for communicating with the machine. After
the completion of the previous study the Martin Marietta Corp-
oration replaced the IBM 1620 computers with the GE 1130
computer. Since for this study it was necessary to modify the
previous computer program the entire computer program was con~
verted to Fortran IV language for communicating with the IBM
1130 computer. In converting the computer program, improve-
ments were made such that the punching and transferring output
data on IBM cards between component decks were eliminated. The
computer program for this study has the capability of storing
all output data within the computator such that the transfer of
output data from the component subprograms is accomplished
automatically. Once the program is loaded into the computer
it is only necessary to read the input data into the machine.

Included in this appendix is a description of the input
data cards and a listing of the computer program.

The individual component programs are listed in Table C-I.
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1.1 INPUT DATA

The input data cards required for the program are shown
in Table C-~II.
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TABLE C~II C-4
INPUT DATA CARDS
Input Card Card Card Card
Card Space Space Space Space Format
Numher 1-14 15-28 29-42 | 43-56
1 cG cC
2 CSA CFA CYA CZA LELL.6
3 CSB CFB CYB CzZB
L CSC CFC CcYC CZC
5 CSD CFD CYD CZD
Card Card Card Card Card Card Card
Space Space Space |Space Space Space Space
1-10 11-20 21-30 |31-40 41-50 51-60 61-70
6 TORQ VELS TRAA AKVEL EINT AVPR PREI
7 DPRE PREM DMOM AMAX AAAAL AAAA2 AAAAZ
8 AAAAL AAAAS AAAAG AAAA? AAAA8 AAAA9 AAAlO
7E10,0
9 AIPAl AIPA2 AIPA3 AIPAL AKENG PPP10
10 ANUMB ANUMV AMOM XMDC XMDD XMDB XMDA
11 XMDE xXxxa XXXx2 STV1 STV2 TA TB
12 TC TD TE PPPP1 PPPP2 PPPP3 PPPP4
13 PPPP5 PPPP6 PPPP?7 PPPP9 ANGL1 ANGL2
14 PUMS1 PUMS2 S5 s6 FFFF2 FFFF3 FFFFL4
15 ACCU REAC SSS1 SSS2 SSS3 RSPAlL RSPA2
16 RSPA3 TOILW RRRR1 RRRR3 RRRR4 QWL QQQQ2
17 QRR3 VNAFQ
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Normally the Truss Array (data cards 18 thru 21), the
Tubing Array (data cards 22 thru 37), and the Pump Bearing
Array (data cards 38 thru 95) will not change. The defin-
itions and explanation of the remaining data cards are as
follows:

The data cards 1 thru 5 are the reliability environ-
mental modifiers, which are determined from the following
equation:

(Kv)(K.r)(;s)(Kop)(KF)(t)

10

Reliability Modifier =

(see Appendix B)

Data Card #1

CG = reliability modifier during ground tests
CC = reliability modifier during countdown

Data card #2 describes the reliability modifiers for the
actuator, engine truss and pumps.

Data Card #2

CSA - reliability modifier during engine start
CFA - reliability modifier during lst burn
CYA - reliability modifier during coast

CZA - reliability modifier during 2nd burn

Data card #3 describes the reliability modifiers for the
motorpump, quick disconnect and transfer valves.
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Data Card #3

CSB - reliability modifier during engine start
CFB - reliability modifier during lst burn
CYB - reliabiiity modifier during coast

CZB - reliability modifier during 2nd burn

Data card #4 describes the reliability modifiers for the
accumulator-reservoir and filter.

Data Card #4

CSC - reliability modifier during engine start
CFC - reliability modifier during 1st burn
CYC - reliability modifier during coast

CZC - reliability modifier during 2nd burn

Data card #5 describes the reliability modifiers for the tubing
and fittings,

Data Card #S

CSD - reliability modifier during engine start

CFD - reliability modifier during 1st burn

CYD - reliability modifier during coast

CZD - reliability modifier during 2nd burn
Data Card #6

TORQ - required maximum torque (stall) to engine
(inch-pounds)

VELS =~ required maximum angular velocity (based on
loaded actuator velocity) (Radians/Second)

TRAA - required total operating angular travel (Radians)
(does not include snubbing)
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Data Card #6 -~ Continued

AKVEL - required open loop gain of actuator (1/Second)

EINT

- engine inertia (inch-pound-secondz)

AVPR - ratio of actual valve flow rate to required valve

flow rate (loaded actuator) NOTE: this parameter
is included for the case where a miniature servo-

valve could be used but a larger valve along with

a flow limiter is actually employed.

PREI - lowest systeg pressureto be investigated
(pounds/inch<)
Data Card #7
DPRE -« pressure incgement to be used during program run
(pounds/inch®)
PREM = maximum systsm pressure to be investigated
(pounds/inch®)
DMOM - moment arm increment to be used during program
run (inches)
AMAX - longest moment arm to be investigated (inches)
AAAAl - is actuator pressure feedback or derivative
pressure feedback valve used? (If answer is yes,
set AAAAl) = 1.0, if no, set to 0.0)
AAAA2 - is actuator mechanical feedback used? (If answer

AAAAS

is yems, set AAAA2 = 1.0, if no, set to 0.0)

is actuator rod end housing used for bearing
surface? (If yes, set AAAA3 = 1.0, if no, set
to 0.0)



Cc-10

MCR-67-239

Data Card #8

AAAAL - is actuator derivative pressure feedback used?
(If yem, set AAAA4 = 1.0, if no, set to 0.0)

AAMAS - is actuator mechanical feedback used? (If yes,
set AAAAS = 1.0, if no, set to 0.0)

AAAA6 - is actuator static load error washout used?
(If yes, set AAAA6 = 1.0, if no, set to 0.0)

AAAA7 - is actuator flow limiter used? (If yes, set
AAAA? = l-o, if nO, Set to o.o)

AAAA8 - are actuator snubbers used? (If yes, set AAAAS
= 1.0, if no, set to 0.0)

AAAA9

is the actuator a new design? (If yes, set
AAAA9 = 1.0, set to 0.0)

AAALO - Does the actuator require qualification? (If
yes, set AAA1O =1.0, if no set to 0.0)

Data Card #9

AIPAl - is the actuator direct current position instru-
mentation used? (If yes, set AIPAl = 1.0, if
no, set to 0.0)

AIPA2 - is actuator direct current feedback used? (If
yes, set AIPA2 = 1.0, if no, set to 0.0)

AIPA3 - are actuator position switches used? (If yes,
set AIPA3 = 1.0, if no, set to 0.0)

AIPAL - is potentiometer body required? (If yes, set
AIPA4 = 1.0, if no, set to 0.0)

AKENG - fixed spring rate of engine bell (pounds/inch)
PPP1l0 - ratio.of the required pump flow for intensifier

to system flow (unloaded actuators). The seventh
parameter of data card #4 is left blank.
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Data Card #10

Data

ANUMB - number of actuator per hydraulic system

ANUMV - number of actuator per system transfer valve

AMOM

XMDC
XMDD -
XMDB -

XMDA -

shortest moment arm to be investigated (inches)
truss dimension (inches) see Figure 1
truss dimension (inches) see Figure 1
truss dimension (inches) see Figure 1

truss dimension (inches) see Figure 1

Cards #1

XMDE -

XXXx1 -

Xxxxe -

sT™V1 -

STV2

truss dimension (inches) see Figure 1

is truss a new design? (If yes, set XXXX1 = 1.0,
if no, set to 0.0)

is tubing a new design? (If yes, set XXXX2 = 1.0,
if no, set to 0.0)

is transfer valve a new design? (If yes, set

does transfer valve require qualification? (If
yes, set STV2 = 1.0, if no, set to 0.0)

tube length from ground checkout pump to system
pump (inches)

tube length from pump to filter (inches)
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Data Card #12

TC

B

TE

PPPP1

PPPP2

PPPP3

PPPP4

Data Card

tube length from filter to reservoir-accumulator
(inches)

tube length from reservoir-accumulator to transfer
valve (inches)

tube length from transfer valve to actuator
(inches)

ratio of the maximum required pump flow rate
(for fixed angle pump)to maximum system flow rate
(unloaded actuators)

is fixed angle pump a new design? (If yes, set

does fixed angle pump required qualification?
(If yes, set PPPP3 = 1.0, if no, set to 0.0)

is wobble plate pump a new design? (If yes,
set PPPP4 = 1.0, if no, set to 0.0)

#13

PPPP5

PPPP6

PPPP?

ANGLL

ANGL2

does wobble plate pump require qualification?
(If yes, set PPPP5 = 1.0, if no, set to 0.0)

is intensifier a new design? (If yes, set
PPPP6 = 1.0, if no, set to 0.0)

does intensifier require qualification? (If
yes, set PPPP7 = 1.0, if no, set to 0.0)

angle of fixed angle pump (radians)

angle of wobble plate pump (radians)



C-13

MCR-67-239

Data Card #l4

PUMS1

PUMS2

S5

S6

FFFF2

FFFF3

FFFF4

fixed angle pump speed (revolutions per second)
wobble plate pump speed (revolutions per second)

is compensator used in fixed angle pump? (If yes,
set S5 = 1.0, if no, set to 0.0)

is compensator used in wobble plate pump? (If yes,
set S6 = 1.0, if no set to 0.0)

ratio of required filter flow to the maximum
actuator flow (unloaded actuators)

is filter a new design? (If yes, set FFFF3 = 1.0,
if no, set to 0.0)

does filter require qualification? (If yes, set
FFFF4 = 1.0, if no, set to 0.0)

Data Card #15

ACCU

REAC

SSSI

5882

SSS3

RSPAL

RSPA2

when accumulator is used by itself (set ACCU =
1.0, if not, set to 0.0)

when reservoir-accumulator are used Separate.
(set REAC = 1.0, if not, set to 0.0)

is accumulator used? (If yes, set SSSI = 1.0,
if no, set to 0.0)

ratio of return pressure to system pressure if
return pressure is a function of system pressure

return pressure as fixed actual value if the
return pressure is to be held constant (pounds/
inch®)

is direct current position instrumentation used in
the reservoir? (If yes, set RSPAl = 1.0, if no,
set to 0.0)

is position switch used in reservoir? (If yes,
set RSPA2 = 1.0, if no, set to 0.0)
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Data Card #16

RSPAZ -

TOILW

RRRR1 -

RRRR3 -

RRRRY4 -

QAL

QW2 -

is potentiometer body integral part of the
reservoir? (If yes, set RSPA3 = 1.0, if no,
set to 0.0)

hydraulic fluid density used in system (pounds per
cubic inch)

ratio of total volume of fluid supplied by the
accumulator to the total volume of fluid consumed
by all actuators when traveling full stroke

is reservoir and/or accumulator a new design? (If
yes, set RRRR3 = 1.0, if no, set to 0.0)

does reservoir and/or accumulator require qualification?
(If yes, set RRRR4 = 1.0, if no, set to 0.0)

is quick disconnect a new design? (If yes, set
QRQQL = 1.0, if no, set to 0.0)

does quick disconnect require qualification? (If
yes, set QQQQ2 = 1.0, if no, set to 0.0)

Data Card #17

Q]R3 - ratio of quick disconnect rated flow to the maximum
system flow rate (unloaded actuators)
VNAFQ - required actuator system natural frequency with all
springs included (radians/second)
Data Card #96
TT1 - ground operating time (see note on data card 98)
TT2 - countdown time (see note on data card 98)
TT4 - flight operating time (see note on data card 98)
VLIFA - required life of a single actuator includes total

running time - ground checkout, flight, etc.,
(hours)
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Data Card #96 - (Continued)

VLIFP - required life of a single pump. Includes total

running time - ground checkout, flight, etc.,
(hours)

VHYSB - total number of independent hydraulic systems to

be used for the particular stage of the vehicle

VTEST - total number of tests required for a single hydraulic

system under investigation

Data Card #97

VFLRF

VPNUB

VWCST

VCYCA

VDEVL

VPEND

VOPER

cost of flight failure
total number of launch vehicles within the program

the cost of one pound of weight for a particular
stage being investigated (dollars per pound)

required life of a single actuator in total number
of cycles - ground checkout, flight, etc.(cycles)

total time allowed to develop the complete hydraulic
system. Egual to the total time from contract go-
ahead until a qualified system is delivered (weeks)

dollar penalty per week for delays in development
time for the complete system (dollars per week)

required time for average hydraulic test on the
system under consideration (hours)

Data Card #98

VICST

VREPR

ANUMP

RUNQ

total cost of average test performed on a single
hydraulic system under investigation (dollars per
test)

average ratio of component repair cost to initial
component cost

number of actuators main pumps

number of cases to be run with actuator variations



c-16

MCR-67-239

Data Card #99 (98 + RUNQ)

PPPP8 -

57

59
21
Z2

Z3

JQ

S

*IQ =1

R

T8,

2

which airborne pump used for ground checkout? (No
airborne pump used set PPFP8 = 0,0, fixed angle
pump used set PPPP8 = 1.0, wobble plate pump used
set PPPP8 = 2,0)

number of fixed angle pumps per hydraulic system
number of wobble plate pumps per hydraulic system
number of intensifiers per hydraulic system
number of accumulators per hydraulic system

number of reservoirs ver hydraulic system

number of reservoir-accumulator and filters per
hydraulic system

actuator configuration; JQ = 1 standard, JQ = 2
majority vote, JQ = 2 tandem

system, configuration; KQ = 1 single, KQ = 2 dual
pump configuration®

number of run

intensifier primary power source, fixed angle
pump auxilliary power source

intensifier primary power source, fixed wobble
plate pump auxilliary power source

fixed angle pump primary power source, fixed wobble
plate pump auxilliary power source

fixed wobble plate pump primary power source,
fixed angle pump primary power source
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1.2 METHODS FOR STUDYING ALTERNATE REDUNDANT CONFIGURATIONS

The computer program has the capability of evaluating any of
the three basic types of actuators for either a single or dual
hydraulic system. It is only necessary to change card 99 to
complete a study of these configurations.

The type of actuator is determined by setting JQ to 1, 2,
or 3,

A change to the dual power supply system can also be made by
changing KQ from 1 to 2. Also the appropriate primary power supply
and accumulator-reservoir quantities must be altered to reflect a
change in KQ from 1 to 2.

One limitation to the number of configurations which can be
investigated without re-running all the component decks does exist.
The initial data inputs, cards 6 through 11, size the pumps on a
proportional quantity of the maximum actuator flow. Thus, when a
certain type pump is sized for ground checkout, it can not be
resized for flight since the individual component programs will record
data for only one size of each pump at any one time. To change the
type pump used for flight it is necessary to re-run the complete com-
ponent program with the appropriate flow change. However, an inten-
sifier which would be used only for flight power generation, can be
sized during the initial component calculations and can be investigated
by changing only card 99.
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1.3 Computer Program Listing

The following is a listing of the component and subroutine
programs which form the overall final study program. The defin-~
ition of the terms used in the program are given in reference 1.
Figure C-1 is the flow chart of the computer program.
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o

)¢ . INPUT DATA PROGRAM

0. C INPUT DATA DECK ' ! o
e - DEFINE FILE 1(50'29000vIDATA)'2(1000150'U01TRA2)
DEFINEVFILE~3(150:1501U01TRA3)'4(1509409U91TRA4)
DEFINE FILE 5(150,40+/Us ITRAS) v6(500150,U» IREC6) -
 DEFINE FILE 7(100+150,UsIREC7),8(50+150,U, IREC8)
DEFINE’FILEf9(50v150'UvIREC9)'10(50v1500U'IR510)
DEFINE FILE 11(50,150:UrIREL1) .
DIMENSION'Tl(la)'Tz(lZ)rTUBE(9914)vFIT(14)OBRI(5922)
OIMENSION BTI(5,18)+BTI1(4+18) :
DIMENSION  XA(3)sXB(3)sXC(3) o XD(3)
. 920 FORMAT (2X¢7E13,5)
- 820 FORMAT (7E10,0)
850 FORMAT (4E14.6)
600 FORMAT (7FS5¢193Xe412) : _
601 FORMAT (7Ell.4) : : ’
; 700 FORMAT(1H1+2Xr60HTHRUST VECTOR CONTROL SYSTEMS OPTIMIZATION PROGRA
' . M ‘ v //)
103 FORMAT (5£12.0)
104 FORMAT (4£12,0)
203 FORMAT: (3X+5E13.5)
204 FORMAT (4X14E13,5)
899 FORMAT (9E8,0)
999 FORMAT..{9E13,5) ; o
‘ IDATA = 1 ' | ! |

.é : READ (2+850) CGeCC : /
3 READ . (2¢850) CSAvCFAvCYAoCZADCSBrCFBvCYBvCZB'CSCvCFCaCYC'CZCvCSDo
CFD)CYDyC2D

1
READ (2:,820) TORQ?VELS»TRAA»AKVEL'EINT» AVPRPREI
1 'DPRE» PREMeDMOMe AMAX » AAAAL » AAAA2 1 AAAAD
2 rARAALr AAAAS» AAAAG, AAAAT 1 AAAAB Y AAAAD»AAALD
3 tAIPAL/AIPA2/AIPA3AIPAL » AKENG,PPP10
READ (2,820) ANUMB » ANUMV , AMOM ¢ XMDC » XMDD » XMDB » XMDA -
1l » XMDE » XXXX1 0 XXXX2)STV1,STV2»TA,TB
2 ¢ TCrTD Y TE+PPPP1+PPPP2+PPPP3/PPPPY
3 *PPPP5,PPPP6+PPPP7+PPPPI/» ANGL1»ANGL2
READ (2¢820) PUMSL,PUMS2,S5+1S6¢FFFF2/FFFF32FFFFU4
1 * ACCUYREACYSSSI»S552¢S553,RSPAL1RSPA2
2 *RSPA3,»TOILWs»RRRR1+RRRR3+RRRRY)QAG0A1+Q0QQ2
3 r3QQQ3» VNAFQ
READ (2,820) (T1(I),I=1.12)
READ (2:820) (T2(I)eI=1,12)
READ (2+899) ((TUBE(MsN)yM=1+9) e N=1r14)
READ (2+:820) (FIT(N)eN=1,14)
READ (2¢103) ((BRI(Mei) 2M=1+5)¢N=1,22) -
READ (2+¢103) ((BTI(MIN)»M=1¢5)sN=1,18) -
READ (2+,104) ((BTII(MyN)/M=1+4)yN=1+18)
VELASAVPR*VELS . ' ,

XA(l) = CFA

‘ AA(2) = CYA
, XA(3) = CzA
XB3(1) = CFB

AB(2) = cvyB

XB(3) = €zB



XC(1) = CFC

Xc(2) = cve: -
XC(3) .= Ccz¢

XD(1) = CFD -

XD(2) = CYD

XD(3) = czD

" WRITE (l'IDATA) AMAX!PREM.TORQ:VELAvPREIoAMOMvTRAAvDMOMoDPRE
1 rAAAALAAAA2,AAAA3IAAAAS
WRITE (1-IDATA) AMAXrPREMoTORGoVELA!AAAAZ.AAAAQOAAAA60AAAA7u
1 AAAA8 -

WRITE (1-IDATA) AMAX!PREM.TORQvVELA'AAAAloAAAAZ'AAAAQ'AAAASOAAAA6._ v

1 AAAA7:AAAABrAAAA9:AAALD, AKVEL'TOILWrAIPAlvAIPAZoAIPASvAIPAQo

2 CGrCCrCSAICFAICYAICZA_

WRITE (1=IDATA) AMAX.» PREM TORG, VELA!EINT!ANUMB:XMDC!XMDD!XMDBo
1 XMDA»XMDE » AAAAG» XXXX1» XXXX2+oSTVLsSTV2,TA, TBeTCrTD'TE»QQQQL
2 00Q@2,0QGA3» VNAFQ» ANUMVCGrCCoCSA»CSB,CSD»
3 (TL(I)eI=2022) 0 (T2(I)0I=1912) s (FIT(N) 2 N=1014)
WRITE (1-IDATA) ((TUBE(MsN) +M=1+9) s N=1r14)
WRITE (1-IDATA) AMAX 1+ PREM, ANUMB »PPPP1s ANGL1+PUMS1, ( (BRI (M)N) ¢ M=
1 1,5)rN=1022)
WRITE (1=IDATA) ((BTI(MsN)sM=1+5)+N=1,18)
WRITE (1-1DATA) ((BTIT(MyN) eM=1+4) rN=1r18)
WRITE (1=IDATA) AMAXvPREMoPPPPZ'PPPP3'SSOTOILW:CG.CC!CSB
WRITE (1-IDATA) AMAXOPREM'ANUMBoPPPP“!PPPPS'PPPP90ANGLZ!PUMSZOS6O
1 TOILWeCCrCGrCSA
- WRITE (1=-IDATA) AMAX:PREM,ANUMB¢PPP10+PPPP6¢PPPP7)ANGL2sPUMS2,
1 FFFFR22FFFF3+FFFF4s TOILW,CGrCCrCSA»CSC
WRITE (1-IDATA) AMAX»PREM, ANUMB» SSSI1S55529SSS3¢/RSPAL+RSPA2'RSPA3,
1 TOILWsRRRR1+RRRR3+RRRRY4,ACCU, REAC»CGyCC,CSC )
WRITE (3+700)
WRITE (3,850) CGrCC '
WRITE (3,850) CSA+CFAYCYA,CZA»CSBy CFB:CYB.CZB.CSC!CFCoCYCoCZCoCSDo
1 CFD.CYDeC2D
WRITE (3+920) TORQ!VELS!*TRAA*AKVEL/EINT+AVPR/PREI
o1 - *DPRE»PREM»DMOMy AMAX » AAAAL, AAAA2/1 AAAA3
2 rAAAAL » AAAAS» AAAAGYAAAAT 1 AAAABY AAAAD) AAALD
-3 'AIPAL)AIPA2/AIPAZ AIPAU » AKENG)PPP10Q
WRITE (3,920) ANUNMB » ANUMV » AMOM» XMDC ¢ XMDD y XMDB ¢ XMDA
1 P XMDE » XXXX1 90 XXXX2,STV1ySTV2,TA,TB
2 ' TCrTO»TEWPPPP1/PPPP2+PPPP3»PPPPY
3 ’ ' PPPPS,PPPP6+PPPP71PPPP9+ ANGL 1/ ANGL2
"WRITE (3,920) PUMSL1ePUMS2¢S5¢S6+FFFF29FFFF3¢FFFF4
1 t ACCUYPREAC?SSSI1S5S29¢SSS3+RSPALYRSPA2
2 *RSPA3, TOILWsRRRR1+RRRR3+»RRRRY,Q20QQ1»QQQQ2
3 » QQQA3 » VNAFQ
WRITE (39,920) (TLi(I)eI=1s12)
WRITE (3,920) (T2(I)eIz=1s12)
WRITE (3+,999) ((TUBE{(M¢N)sM=1+9)eN=1r14)
WRITE (3,920) (FIT(N)/N=1,14)
WRITE (3+,203) ((BRI(M/N)IM=1¢5)91N=1+22)
WRITE (3:,203) ((BTI(M/N)IM=1+5)eN=1r18)
WRITE (3,204) ((BTII(MeN)yM=1+4)sN=10r18)
READ (2¢601) TTL,TT2¢T49VLIFAIVLIFP)VHYSBYVTEST»VFLRF ¢ VPNUB»VWCST

1 t VCYCA» VDEVL » VPEND» VOPER»VTCST» VREPR y ANUMB » RUNG
WRITE(1=IDATA)TT1,TT2,T4IVLIFA+VLIFPeVHYSBsVTEST» VFLRF»VPNUB» VWCST
1 *VCYCA+VDEVL ¢ VPEND » VOPER»VTCST» VREPR y ANUMB r RUNQ ¢

2 XACL) 1 XA(2) 1 XA(3) 1 XB(1) 1 xB(2) o XB(3) 9o XCI1)oXC(2)sXC(3)oXD(1)rXD(2)
3 +XD(3) .

WRITE (3,601) TT1,TT2,THIVLIFA)VLIFPsVHYSBy»VTEST»VFLRF»VPNUB,»VWCST
S . ' VCYCA» VDEVL » VPEND ¢ VOPER»VTCST» VREPR y ANUMB » RUNQ

e



NRUNG@ = RUNQ

DO 500 I=1+NRUNG
(2,600)

READ

\

c-22

PPPP8¢S7+158¢59¢21¢22¢23¢JQrKQsLAsMO

WRITE (1-IDATA) PPPP8+S7+1S8159+21¢22¢23¢JQrKQrLArMQ

WRITE (3,600)

CONTINUE
CALL LINK
END

500

// XEQ ,
' oHE=2
«1073E-3
+S1E-5
+28E-D
¢ 3BHE~Y
500000, 13

500,
1.0
1.0
2.0
4.5.
12.0
1.0

243.0

0.0
1.0
1.0

. 028

0083

10,15 =

14,23

1025E-1j

loBBE-l
2+.5E-1
3-13E‘1
3e75E~1
SOOE-I
6e25E~1
7+5E=1
8.75£-1
1.0E+0
1.25E+0
1.5E+0
1.75E+0
2.0E+0

1,5%8E=2
1.585E~-1

3500
1.

1

=N Do

117
1.0
.03

. 37.0

o0
0«0
10,
.15,
2.8E=2
3s2E=2

3.5E=2

3@5E-2
3e5E=2
3.5E=-2
305E-2
4.9E'2
4,9e=-2

C4,9E=~2

4,9E-2
6.5E=2
6.5E=2
6.5E=2
1.9
240

7087E-1
908“E-1
1.181E+0
1378E+0Q
1«H75E+0
1.772E+0
1¢969F+(
2¢165E+0
20 362E+(
2¢559E+0
2« 756E+(
20¢953E+0
3.150E+0
3.347E+Q

PPPP8¢ST71S8¢59¢21+22923¢JQrKQrLQIMQ . -

(ACT12)
¢ 13E-4 _ .
«15537€-3 \ v 11832E-4 e 463536E~3
e 7384 BE~S 011832E-4 ¢ 220320E~4
. +HODKYE~S - 011832E~4 «12096E~4 ,
¢556032E=4 ) «11832E~-4 *165888E=3
95 o2445.5 18.0 17400, 1,0 30
. 1.0 12,0 1.0 1.0 0
0 0.0 0.0 0.0 1.0 1
0 0.0 1.0 222700, Ol
o 11,0 6431 27.8 5.81 1
0 . 1.0 1.0 0.0 24,0 1
of_ '10800 0.1 1,0 1.0
0 1.0 0.4 262 262
0 1.0 1.0 W2 1.0
100 ' 00133 10.0 100
14 - 1.0 1,0 1,0 1.0
35 042 049 . « 058 + 065 .
95 © »109 120 10.0 ‘
S0 11.00 11.60 12.10 12.87 13
20 17.30 19,61 19.61 ,
3e2E=2 Je5E=2 U.2E=2 O0.0E+0 O0.,0E+0 O0.0E+0
3e5E=2 U4,2E~2 0.0E+0 0.0E+0 O0.0E+0 0.0E+0
Be2E=2 Ue9E=2 5.8E=2 6+5E=2 T+2E=2 0.0E+0
Bo2E=2 U4e9E=2 5.8E=2 6.5E=2 7T.2E~2 0.0E+0
Be2E=2 H4e9E=2 5.8E=2 6+5E=2 7T.2E=~2 0.0E+0
4,2E=2 4,9E~2 5.8e£=2 6+.5E=2 7.2E=2 843E=2
4.,2E=~2 4.9E'2 5.8E=2 6.5E-2 702E-2 843E=2
S5e8E=2 6¢5E-2 Te2E=2- 8.3E=2 9,5e=2 1.096~1
Se8E=2 ©6.5E=2 7T7+2E=2 Be3E=2 9,5E=2 1.09e~1
SeBE=2 6¢5E=2 Te2E=2 8¢3E=2 9.,5E=2 1.09e~-1
5.8E=2 6¢5E=2 T.2E=2 8¢3E=2 9.5E=2 1.09€~1
Te2E=2 Be3E=2 9.5E=2 1.,09E-1 1.,25E~1 1.34E-1
Te2E=2 B843E~2 9.5E=2 1.09E~1 1.25E~1 1.34E-1
Te2E=2 B843E=2 9.5E=2 1,09E=1 1.25E=1 1.34E~-1
5E-2 2 4E=2 3045E-2 4-39E'2 6.72E=2 h
2E=1 2¢43E=-1 3.35E~1 4,25e=1 5.1E=1
7.87E=1 1.457E+0 3e54E=] 9,0E-2
9,84E-1 1.654E+0 3.54E-1 1.0E-1
1.181E+0 1.850E+0 3e5S4E=-1 1.26-1
1,375E+0 2¢175E+0 3.94E=1 1.9e~-1
1.575E+0 2¢441E+0 4,72E=1 2.,96-1
1.772E+0 2677E+0 4,72E=1 SH4E=~1
'Le969E+0 2.835E+0 4,72E=1 3.56~1
24165E+0 3.150E+0 5.12E~1 4,7e-1
24362E+D 3.347E+0 5.126-1 S5.1E~1
2.559€+0 3.543E+0 5.12E=1 S.4E-1
2. 756E+0 3.937£+0 6.30E~1 8,6E=1
2.953E+0 4e134E+0 6430E-1 1,04E+0
3.150E+0 4.331E+0 - 6.30E-1 1,10e+0
3¢347E+Q 4,724E+0 7.09E~1 "le41E+0

S bt 35i
P A 21 S

0.0E+0

058E~1
6006-1



3.543E+0
3¢ THOE+D
3¢937E+0
44134E+0
4+331E+0Q
44724E+0
5.118E+0
5¢512E+0
4e724E~1

- 5:906E=1

6+693E~1
7.874E-1
908“3E'1
1.,181E+0
1.378E+0
1.578E+0
177240
1.969E+0
2¢165E+Q

2¢362E+0
2+560E+0 -
20756E+0 S
2+963E+0

3+150E+0 -

3¢3U4T7E+Q
3.543E+0
4,724F-1
5.906E~1
60693E-1

7.874E-1

9.843E=-1
1.181E+0
1.378E+0
1.578E+0
1.772E+Q
1.969E+0
24165E+0
2¢362E+0Q
2¢559E40
2+756E+Q
2¢953E+0
3¢150E+0
Fe SUTE+Q
3.D43E+0
100.
«2000ES
400.
1.0
1,0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0

// ENDATA

3.S543E+0
3+ 740E+0
3.937E+0
44134E+0
44331E+0
4,724E+0
S5+118E+0

S.512E+0

4.724E~1

50906E-1>;
0.693E~1"

7.874E=1
9.843E~-1
1.181E+0
1,378€+0
1.578E+0
1.,772E+40
1.969E+0
2+165E+0

2.362E+0

2.560E+0
2.756E+0
2,963E+0

'3.150E+0

3.347E40
3.543E+0
1.103E+0
1.260E+0
1.378E+0
1.654E+0
1.850E+0
2.165E+0
2.441E+0
2.677E+0
2.953E+0
3.150E+0
3.543E+0
3.740E+0
3.937E+0
4.331E+0
4,528E+0
4,921E+0
5.118E+0
5.512E+0
3.25
20
35,

oCcoOoOoOoC
CCOoOOO
COoOOOO0O

cCoOoOCoOoOo
COO0OO0OO0O

[}

4.921E+0

5. 118E+04
Se512E+0
50709£+0
54906E+0
6.496E+0
7+.087E+0
70“80E+0
1.457E+0
1.654E+0
1.851E+0
2¢047E+40
244 1E+4D

- 2+635E+0

3.150E+0
3.543E+0
3.937E+0
4,331E+0
4o T24E+0
54118E40
5¢512E+0
5.,906E+0
6+299E+0
6+693E+0

. 7+087€E40

7.480E+0
3015E'1
305“E'1
3.94E=~1
4,72€~1
4072E°1
5.,12€-1
5051E'1

5091E'1

6'30E-1
6.30£~1
70095'1
7.09E-1
7009E'1
7087E’1

7.09E=1
7.09E=1
7.87E~1
7.87E=1
7.87E=1
8.66E~-1
9,45E~1
9.,45E-1

,4072QE-1

S.118E=-1

'5.512E-1

T7e87E~1

8066E'1
8.66E£~1
QQQSE'I

0414
320

2
1.0
1,0
2.0
2.0
2.0

(o el o ae I oo}

«15

GIN -

5.906E-1
6.693E~1
7.480E=1
8.,268E=1
9.,055€=1
9.843E~1
1.063E+0
1.142E+0
1.221E+0
1.299E+0
1.378E+¢
1.457E+0
1.535E+0
1.614E+Q
1,693E+0
4,0E=-2
6.0E=2
1.3E=-1
1.6E-1
2.5E-1
3e.4E=1
5.0E~1
6.3E~1
6.9E~1

7.5E=1.

1.00E+0
1.25E+0

1.50E+0

1.,56E+0
2.13E+0
2.25E+0
2.88E+Q
3.50E+0
0.0
00E6
Se

DO - -
FEFEFEF
AFEFGCND -

1,48E40

1,53E+0
2,04E+0
2412E+0
2.,20E+0
3.02E+0

4.02E+0 -

443B8E+0
11“E-1
1.9€E~1

206E-1,

303E-1
SOIE-l
708E-1

,‘1\00E+0

1.47E+0
1.97e+0
2.56E+0
3.20+0
4,03E+0
5.05e+0
5.,96E+0
T.41E+0
8.79E+0

1.04E+1
1.21E+1

250,

52.

C-23

1.0

" +1200E5

“1o00.,
25



C J
€ 1=y
© ¢ o1

4

c-2k

STORED SUBROUTINE

SUBROUTINE osSus (DIAM'SPRE!I'Z'RWT'RFRG'RFRC'RFRS'RFRF)

REPLACED WITH Z .1=0, 231,

IS NEVER USED THEREFORE ELIMINATE 64 LET IT GO TO 65

AT = DIAI+DIAO
IF (DIAM=4,475=Z%,485) 314s4
ALPH=1,28E=1

- CLER=5.0E-3

11
14

13
16

15

S50

WIDH=2.75€E~1

60 TO 50 :

IF (DIAM=1.475=2%,353) S1616
ALPH=1,09E~1

CLER=3.5E=3

WIDH=2,1E=-1

"GO TO 50 : ‘

IF (DIAM-.734-Z*02“4) 7!8 8
ALPH=1,18E=1

CLER=3,.,0E-3
. WIDH=1.39E-1

GO TO 50

iIF (DIAM'.362'Z*.174) 9010!10
ALPH=1.,3E=-1

CLER=2.,5E=3

WIDH=1.03E-1

GO T0 50

IF (DIAM=,07=Zx.14) 11,12,12
ALPH=1,88E~1

CLER=2.,0E~3

WIDH=7.0E=2

60 TO 50

IF (DIAM=,05=2%,109) 13,1414
ALPH=1.9E-1

CLER=2.0E=-3

WIDH=6.0E=-2.

60 7O 50

IF (DIAM=,036=72%,09) 15¢16016
ALPH=1,9E=-1

CLER=2.,0E~3

WIDH=5,.,0E~2

GO TO 50

ALPH=2.08E-1

CLER=2.,0E=3

WIDH=4,0E=2

DIAT = 2 (DIAM*(1e=2.%Z)xWIDH)
RWT=.0574%DIAT*WIDH*WIDH
LIZ=DIAT*ALPH*WIDH* (1 e=,5%ALPH)

£22= J1529%SPRE/ (HES=SPRE) + 4649/ (+2E4+SPRE)

GO TO (61¢62163165165166167)1

61 RFRG= (ZZ+ 41512/ (DIAT*DIAT*ALPH)+2, 3E-3/CLER+

3(2,91E+1*%ALPH*WIDH) ) *

40((1,835E=1%SPRE)/ (4, 0E+4~SPRE) )+ (7. 04E+1/(2,0E+3+SPRE)) )

RFRC=,20*%RFRG
RFRS=,15*%RFRG
RFRF=,05%RFRG
RETURN

i



- : c-25
62 RFRG= (22+ .1512/(DIAT*DIAT*ALPH)+2.3E-3/cLER)* 222
RFRC=. 10*RFRG
- RFRS=, 05%RFRG
RFRF=,01*%RFRG
RETURN :
63 RFRG= (2Z+2.3E-3/CLER+
2(2,91E+1*ALPH*WIDH) ) * .
300(1, 8355—1*SPRE)/(4.0E+4-SPRE))+(7.04E+1/(2.0E+3+SPRE)))
RFRCZ=, 20*RFR6G
RFRS=, 15%RFRG
RFRF=. 05*%RFRG -
RETURN |
65 RFRG= (ZZ+2.EE-3/cLER)* 222
RFRC=, 10*RFRG
RFRS=.05%RFRG
RFRF=401*RFRG
RETURN
66 RFRG =Zz* 222
RFRC=,10%RFRG
RFRS=.10%RFRG
RFRF=,054RFRG -
RETURN
67 RFRG= (ZZ+ .1512/(DIAT*DIAT*ALPH))* 222
RFRC=, 15%RFRG
RFRSZ . 05*RFRG
RFRF=,02%RFRG
RETURN
END
// DUP
STORE WS UA o0SUB |

t



o

C ACTUATOR 1 '

- C-26
~ STORED PROGRAM 1

DEFINE FILE 1‘50'290'UOIDATA)OZ(IQDDISOOU’ITRAZ)‘
DEFINE FILE 3(150+150,UvITRA3),4(150+40+U,ITRAY)
DEFINE FILE 5(150'400U01TRA5)'6(500150rUvIREC6)
DEFINE FILE 7(100,150+UrIREC7),8(50¢150¢U, IRECS)
DEFINE FILE 9(500¢150+U»IREC9)»10(50, lSOrUvIRElO)
DEFINE FILE 11(500150,U»IRE1})

920 FORMAT (2X?7E13.5)
1002 FORMAT (2Xr20H ACTUATOR 12 )

WRITE (301002)

IDATA = 1

ITRA2 =1

READ (1=IDATA) AMAX;PREM'TORQvVELAvPREIOAMOMOTRAA:DMOM!DPRE
1 1 AAAALAAAA2)AAAA3IAAAAS

13 PRES=PREI
11 VELL=VELA*AMOM

TRAL=TRAA*AMOM
FORC=TORQ/AMOM

. FLOW=FORC*VELL/PRES

AV2F1=((VELA*TORQ) **045)/ (PRES*%0,75)
AV2F2=1.0+.000308%PRES
AV2FI=+308*%AV2F2%AV2F1+, 118*(AV2F2*AV2F1)**005
AVZ2FV=,0594*AV2F1
AV2FJ=,309*%AV2F1 , ' |
AV2FB=,0242%AV2F 1%xPRES**0,5 o 'f
AV2FX=1+562%AV2F 1+¢575% (AV2F2%AV2F1) %%0,5
AV2FW=e217* (AV2FI**2,0=AV2FJ**2,0) *AV2FX '
AV2FA =.00227*(PRES**0,5/AV2F1)+2,27/ (AV2F1%PRES*%0,5)
AV2CW=212E=7*x (AV2FU*%3,0) * (PRES*%1,5)
AV2CA =.,0000025/AV2FV
AV2BX=+0000444xPRES*AV2FJx*2,0/AV2FV
AV2BA =1.71/(AV2FJ * PRES**0,5)
AV2K1=1.18*%( (AV2BX)+2.0%AV2FV)+3. O*AAAAI*AVZFV
AV2KX=1431*%AV2K1+,000128%aAV2FJ*PRES
AV2KW=+.000223%AV2K1%PRES*AV2FJx*2,0
AV2KA =.04687 (AV2FV*AV2FJ%xPRES)
AV2MA =,00542/ (AV2FV*AV2F J*PRES)
AV2HW=+0434%xAV2FJ%x* 3,0
OWALW=AV2FW+4+0xAV2CW+2, 0% (1,25E=9% (AV2FJ*x4,0) x (PRES*%2,0) )/
1(AV2FV)+2, 0*AV2KW*-168b*AV2KW+AV2HW+ 0215%AV2FU*AV2F X+,892%AV2CW
2+.0332%AV2FJ**3,40
OQAL1A=AV2FA +4,0%AV2CA +2,0%AV2BA +AV2KA +AV2MA +,00007/AV2FV

1 +AV2FA+,00261/AV2FJ

0QA1B=1.1%AV2FA +.000016/(AV2FV)+,6%AV2BA ++1%AV2KA +.1*AV2MA
1 +,0002617/AV2FJ

QAL1C=,000201/AV2F Ut 1%AV2MA +.2%AV2KA

QA1D= .00005/AV2FJ+.02*AV2MA +.1%AV2KA

QA1G=,1%AV2FA

QALlH= QAlG

QA1I=,1%AV2FA +.000008/AV2FV+ 12*AV28A

QALU=QALL :
CALL 0SUB(1¢015%AV2FI/PRES/2.0+291¢RWT»RFRG?RFRC+RFRS»RFRF)
WALWZWALK+6.0%RWT

QAIA=ZQALlA+640%RFRG

™



By

C_-27
QA1B=QA1B+6,0*RFRC '
QALE=Y4 ,0*RFRS
QALF=4,0%RFRF .
QA1G=QA1G+2.0%RFRS
QALH=QA1H+2,0%RFRF " | . S
CALL OSUB(1.015*AV251:PRES/2.0o5o1.0RWT-RFRG:RFRCnRFRSoRFRF)
WALWSWALW+4 . 0%RWT : ' ‘ ,
QA1A=QAl1A+4.0*RFRG
QA1B=GA1B+4,0*RFRC ,

QA1C=QA1C+4.0%RFRS
QA1D=QA1D+4.,0*RFRF - , -
CALL OSUB(o92*AV2FJlPRES/2o002'15rRWToRFRG'RFRC'RFRSORFRF)
WALA=WALW+RWT ' o o ,
QAL1A=QAL1A+RFRG
QALIB=QALB+RFRC
QALC=QALC+RFRS
QA1D=QA1D+RFRF
AV12JU=.912*%AV2FJ*x1.5/PRES**,25 ’ !
AV12X=25,7*AV12J
AV12I=6.14%AV12J
AVI12W=215.%AV12J*%x3,0
AVIMC=AV12J%x*x3, 0%PRES
AVIMI=4,19%AV1i2J
AVIMA =,00041%AV12J*PRES
AV1IFW=,00143%xAViIMC/AV12J
AVIFA =,00473/AVIFW%*,333
AV1DA =.0024/AVIFyW*%,333
AV1IHA =36.,5/ (PRES*AV1IMI)
AVI1CA =7053*AV1ZJ**200+002 : |
AVINI=.692*%AV121 ;
AVINW= . 43%AV12W | |
AV11I=7.93%AV2FJ*%x2.0/AV2FX i
AV11A =.042%AV2FJUx*¥2,0/AV12J
AV1YI=1.01*%AV111
OWA2w=2.0*AV12W+.UBB*PRES*AVIZJ**B.0+.516*AV1MC+7.766*AV1FW
1 +.00437*PRES*AVIMI**3,+,00229
2 +3.9*(AV1MI)**3.0+.43*AV12W+2-2*AV1NW +.00402%
3AV2FJ**2.o+.208*Av111**3.0+.000215*PRES*AV111**3.0 -
AV12A =.335*(PRES**O.S)*(AVlad**z.O)*(1.0/(AV12J**1.2)-6.9)
IF (AV12A =.0001)815/815:1816 :
815 AV12A =,0001
8160QA2A=2,0*%AV12A +AV1MA +.00026/ (AVIMC) +2.0%xAVLIFA +2,0%AV1DA
1+AVIHA +2,0%AV1CA +,0008+,01B2%AVIDA +,364*%AV1DA ++35%xAVIMI
2+.337%AV1I2A +,00248%AV12J+AV1i1A +2.02%AV1I2A +,000322/(AV11I)
0QA2B=1.6%AV12A +,1*%AV1iMA +.00000267(AVIMC)+AVIFA +AV1DA +,5%
1AVIHA +.,2%AV1CA +,035%AVIMI+.02%AV12A +¢1xAV11A +1.8%AV12A
2+,0000322/(AV111I)
QAZ2C=.2*%AV12A +.5%AV1HA +,0000322/(AV11I)
QA2D=.,06%AV12A +.25%AVIHA +,00001288/(AV11I)
QA2G=,02*%AV1CA +,0175%AVIiMI+,8%AV12A
QAZH=,02%AV1ICA +,007*AVIMI+.4xAV12A :
0QA2I=+.01%AVIMA +,0000013/AVIMC++1%AVIFA +,1%AV1DA +,0175*%AViIMI
1+ 01%AV12A +.,01%AV11A +,8%xAV12A
0QA2U=¢01*AVIMA +,0000013/AVIMC++.1%AVIFA +.1%AVIDA +.007*AVIMI
1+.,006%AV12A +.01*%AV11A toL*AV]12A
CALL OSUB(«176+PRES*511+RWTyRFRG»RFRC»RFRS»RFRF)
QA2A=QA2A+2+.0*%RFRG '
QWAB=GA2B+2 . 0%RFRC
QA2C=QA2C+RFRS
QA2D=QA2D+RFRF



LN

. c-28
QA21=QA2I+RFRS
QA2J=QA2J+RFRF
CALL 0SUB(1. 925*AV1M100 1*PRES.6-0.oRNTnRFRGoRFRCoRFRSoRFRF)
‘ WAWSWAZ2W+RWT
QA2A=QA2A+RFRG
GA2B=0A2B+RFRC
QA2C=QA2C+RFRS
QARD=QA2D+RFRF '
CALL OSUB(4.0%AVINIO. 1*PRES:5:1.'RWT'RFRGvRFRCoRFRSoRFRF)
WASW=WAZW+RWT
QA2A=QA2A+RFRG
QA2B=QA2B+RFRC
QA26=QA2G+RFRS : !
QA2H=QRA2H+RFRF
CALL 0OSUB(1.,01%AV1YI/PRES/2. Ooaol.vRWT-RFRGoRFRC RFRS i RFRF)
WALWSWARW+2 ¢ OXRWT
QA2A=QA2A+2.0%RFRG
QA2B=QA2B+2 . 0%RFRC
QA2G=QA2G+2 .« 0%RFRS
QA2H=QA2H+2 . 0%RFRF
CALL OSUB(1.275%AV1YI'PRES/2, OoZulooRWToRFRGoRFRC RFRS/RFRF)
WAW=WAW+RWT
QA2A=QA2A+RFRG
QA2B=QA2B+RFRC
QA2C=QA2C+RFRS
QA2D=QA2D+RFRF
c ACTUATOR 2
AV2NI=AAAAL*¥AV2FJUx(+615+4,000128*PRES)
‘ AVZNW=+.000356%AV2FV*PRES*AV2FJ**2,0%AAAAL
AV2NA =AAAAL*(5,22E-6) ¥PRES**(, 5/(AV2FJ*AV2FV)
AV2PI=.604*%AV2NI o
WALWEWALW+2. 0kAV2NW+,352%AV2NW !
QAL1A=QA1A+2.0*xAV2NA +AAAA1%*,00052/AV2FJ
QA1B=QA1B+.2%AV2NA +AAAA1%,000052/AV2FY
QAL1G=QA1G+.02%AV2NA
QA1H=QA1H++.01*AV2NA
QALI=QA1I+.02%AV2NA
QA1U=QA1JU+.01%AV2NA
CALL oOSuB(1. 31*AV2FJ:PRES*.01330600.oRWToRFRGvRFRCoRFRSvRFRF)
WALWSWALW+AAAAL*RWT%2,0
QALA=QALlA+AAAAL*RFRG*2,0 - g
! @A18=QAlB+AAAA1*RFRC*2.0 ‘
QA1G=QA1G+AAAAL*RFRS*2,0
QA1H=QA1H+AAAA1*RFRF*2,0
CALL OSUB(1.12%AV2NI+'PRES/2, 0o5.1.'RWT.RFRG-RFRC»RFRSoRFRF)
WALW=WALIWH+AAAALXRWT*4,0
QGA1A=QAL1A+AAAA1*RFRG*4,0
QA1B=QA1B+AAAAL1*RFRC*4,0
QALC=QALC+AAAAL*RFRS*4,0
QA1D=GA1D+AAAAL*RFRF*4,0
AVMUX=Z22 . 65%AV12JxAAAA2
AVMUA ”.0517/(AVlZJ*PRES**.333)*AAAA2
AVMAWSAAAA2*26,0SxAV2FX*AV12J%%*2,.0
AVMAA =AAAA2*,001193%AV2Fx/AV12J
. OWASW=WARW+AAAA2*4 4 39% (AVI2U**3,0) % (PRES**,333) +AAAA2*24 , 6% (AV12U
1%%3,0)* (PRES*%,333) +AVMAW+ ¢ 837*AVMAW
QA2AZQA2A+2+. 0%AVMUA +,0982%AVMUA +AVMAA +AAAA2%,000202/AVMAW*% (333
OUAZB=QAZ2B+ e 4*¥AVMUA +.0295%xAVMUA +.5%AVMAA +AAAA2%,0002027 (AVMAW
1%%,333)
QA2I=QA2I+.08%AVMUA +,00982%¥AVMJA +.,15%xAVMAA

»



-
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- QA2JSQARJ+ 04XAVMUA +,00491%AVMUA +.15xAVMAA
APRBJ=,0074*%FORC**0.5 : ' ‘ .
APRBY=APRBJ
APRBI=AAAA3%(1,25%APRBU+,125) N '
APRBW=14175E=5% (FORC)=,0147 S
APRBA =.0343/APRBJ '
APRRI=(1.5%APRBJ+,25)*(1.0-AAAA3)
~ APRHK=APRBJ _ : ' ‘
OWASW=APRBW+APRBW*(1,0=AAAA3) +,0907*%APRBI* %2 ; 0% ( +94x (APRBI+APRRI)
1+APRBJ)+.761*APRBJ**3.O+00903*APRHK**3.0 ‘ ’ '
00A3A=.0343/APRBJ*;0256*APRRI+00041*(2-5*APRBJ+0025)+.0437/APRBJ
1+.,00175/APRHK+,0001
UQA3B=.001715/APRBJ+o00128*APRRI*'000615*(205*APRBJ+0025)
1+.,00874/APRBJ
0QA3I=.001715/APRBU*.000768*APRRI+,000615%(2.5%APRBJ+0425)
1+,006874/APRBY
0@A3d=o000343/APRBJ*0000179*APRRI+000014*(2.5*APRBJ+0025)
1+,000874/APRBY '
APPPI=1,0 :
8100APPPK=(l0/90464)*(APRHK+AAAA3*.00159*VELL**2./APRHK+TRAL+571
1¥APPPI*%,5)
IF ( ABS(APPPK-APPPI)=,00001%APPPK)811,812,812
812 APPPI=(APPPK+APPP1)/2.0 ' /
GO TO 810
811 IF (APPPK**2.,0=+675%APRHK)813,813,817
817 APPPJ=(APPPK*%240=4675%APRHK) *%0+5
IF (APPPJ-0.812)813+814+814
813 APPPJ=0.812
APPPKz(APPPJ**200+0675*APRHK)*#005
814 APPPI=(1.273%FORC/PRES+APPPK**2,0)*%0.5
APPPY=,305*APPPI*%0,5 ‘
OAPPPX:APRHK+1042*APPPK**05+o536*APPPK+.00318*VELL**20/APRHK*
1AAAAB+2+ 0% TRAL++ 305%APPPI%*0,5
WALWS= ¢ 176%APPPY* (APPPI*%2,0=APPPK*%2,0) ++146*APRHK*APPPX
QALA=,258%APPPK/APRHK
QA4B=,0774*APPPK/APRHK
QALC=,1%QAUHA
QA4D=,1*QA4C
QALE=QA4LC
QA4F=QA4D
QAL I=QA4C
QA4 JU=QA4D
WASW=,175% (APPPI*%2,0=APPPK**2,0) +WALW
QASAZQA4A |
QASBZQALE \ | e
WASC=QAUC » )
QASD=QAHD
QASE=QA4E
QASF=QAU4F
QASI=QAL]
QASJU=QALY :
CALL OSUB(+97%APPPI¢«1%PRES?2+14 'RWT»RFRG,RFRC¢+RFRS»RFRF)
WALWSWALW+1.887%RWT
QAL1A=QA1A+RFRG
QA1B=GAlB+RFRC
QAlE=QAl1E+RFRS
QALF=QAlF+RFRF
CALL OSUB(APPP1+0,1%PRESs 191+ +RWTsRFRGsRFRC+RFRS»RFRF)
GALA=ZQA1A+RFRG
QA1B=GA1B+RFRC



_ ' Cc-30

"QALE=QALlE+RFRS ' :

QALF=QALF+RFRF
~ APPWA =.809%((PRES/ (VELL*FORC))**0,5) .
OWABN-AAAAB*I.505E-4*(VELL**Z.0/APRHK)*(APPPK*(VELL*FORC/PRES)
1%%,5+, 0289*VELL*FORC/PRES) -

QGABASAAAABX*APPWA ,

QABB=AAAAB* 01 %APPWA

QABI= AAAAS*.OOZ*APPWA

QA8J=QAS81

ACBBI=APPPI+(4,65E~5) *APPPI*PRES

ACBBY=ACBBI+(13.06E~5) *APPPI*PRES

OACBBA =¢019%(TRAL+¢00318%VELL%*%2, 0/(APRHK)*APPPY)*(APPPI*PRES**
11.5)/(FORC*VELL)

OWABW=.225%( (TRAL+, 0032*AAAA8*VELL**2./APRHK+APPPY)*(ACBBI
1%%2,0=APPPI**2,0)+( .71 %APPPK**,5+,536%APPPK) *(31, 08E=~S*APPPK*%2,0
2*%PRES+241, SE-IU*(APPPK*PRES)**Z 0)+(7¢77E-5%APPPK*PRES) * (ACBBI %%
32.0=(APPPK+15.54E~5%APPPK%PRES) *%2.0) +4 98E-5*APPPI*PRES*(ACBBY**
42.0~ACBBIx*2,0))

GABA=ACBBA

GA6B=,2*%ACBBA

QA6C=,5%ACBBA «

QABD=.03*ACBBA

‘ACBT1=APPPI+5,44E=~5%(APPP I *PRES)

ACBTZ2=APPPK+8+47E~5% (APPPK*PRES)

ACBT3=APPPI+2.21E-4% (APPPI*PRES)

ACBT4=APPPI+1.96E~4% (APPPI*PRES)

ACBTS=APPPI+1,164E=4*APPPI*PRES

OACBTA =+.019%(TRAL+.00318*%VELL*%2, 0/(APRHK)+APPPY)*(APPPI*PRES*#

11.5)/(FORC*VELL)

OWASWSWASWH 48 (ACBT1*%2e=APPPI %2, )*(TRAL+.00318*AAAAB*VELL**2 /

1APRHK+APPPY) +PRES* (ACBT1%%2,~ACBT2%%*2, ) *(3,64E=6*%APPPI+9,5E~6%
2APPPK)+.31*(APPPK**.5)*(ACBTZ**Zo-APPPK**Z-)+APPPI*PRES*(7o67E-6*
3(ACBT3**2.-ACBT1**2.)+1.11E-5*(ACBTQ**ao-ACBTlt*Z.))+.0338*(ACBT5

U2, ~ACBT1*%24)*(TRAL+.00318%AAAAB*VELL**2,/APRHK+APPPY)

OWASW=WASW+4 ¢ 6TE=6*APPP I*PRES* (ACBT3%%2,=ACBT1%%2,)+,00975%xAPPPI *

1(APPPI**2,~APPPK*%2 4 )} +,0687* (APPPK**¢,5) x (ACBTU4*%*2 , =APPPK*%2., )

GASA=QASA+ACBTA

QASB=0A5B+.2*%ACBTA

QASC=QA5C+.5%ACBTA

QASD=QASD++03%ACBTA ‘

WRITE (3/,920) WALW,QAL1A,GA1B,QAL1C/QALDQALEIQALF
rQAL1G,QALH,QALI»QALJY» WA2W? QA2A»QA2B
»QA2C»QA2D 1 QA2Gr QA2H?» QA2I v QA2Ur AV2FJ
'WASW»QA3A»QA3Br QA3+ QA3Jr WAUW I QALA
» QAU4B ) QA4C r QA4D» QA4E » QAUF » QAL T v QALY

WRITE (3+920) WASW»QASA»QASBrQASC»QASD?»QASE » QASF

: rQASI »QASJ I WABWI QABA» QABB QA8 v QA8Y
rWAGW» QAGA » QA6B Y QA6C » QAGD
WRITE (3¢920) VELAYPRES!TRAL?VELL*FORCFLOW : '
WRITE (3¢920) AV2FI'AV2FWrAV2FXrAV2FBIAV2F10AVI2UrAV12I

FON =

N =

1 rAV12XrAV12A +AV11I/AV1YIAPPPKe»APPPI,APPPY
2 * APPPJ» APPPX» ACBT1/ACBT4»ACBBI+ACBBY»APRBJY
3 t APRBW» APRBI»APRRI/VAPRHK » AVMAW» AVMAA

WRITE(2=ITRAZ2) WALWrQA1A»QALB»QALC»QAIDIQALErQALF+QALGYQALHIQALT, -
1QA1UrWAZW»QA2A»QA2B» QA2CrQA2D s QA2G* QAHI QA1 1 QA2Jr WASWrQA3A»QA3BY
2QA3TrQA3J ) WALW ) QALA»QALBY QA4C» QALD » QALE » QAUF » QAL T » QAUJ» WASW,» QASA »
3QASBrQASCsQASD» QASE»QASF» QASI » QASJU» WABW» QABA»QABB Y QABI 1 QABJ I WAEW»
HQABA»QABB/» QA6C ) QAGD P PRES» TRAL » VELL rFORC+FLOW» AV2F J» AMOM

WRITE (2=1TRAZ2) AV2F I rAV2FWe AV2F X+ AV2FB»AV2F19AV12J0AV121
1 ' AV12XrAVI2A »AVILIWAVLIYI»APPPK?APPPI ¢ APPPY



e  ce3l

2 + APPPJs APPPX 1 ACBT1+ACBTY ) ACBBI + ACBBY» APRBJ
3 » APRBW ¢ APRBI » APRRI ¢ APRHK » AVMAW » AVMAA
\ PRESSPRES+DPRE -
o IF (PREM=-PRES)10¢11,11
10 AMOM=AMOM+DMOM
IF (AMAX=AMOM) 12,1313
12 CONTINUE »
CALL LINK (ACT34)
END .
// DUP N
*STORE WS UA ACT12




.

C ACTUATOR 3

920
1002

1

STORED PROGRAM 2 e

DEFINE FILE 1(5002900UsIDATA) 92(10001509U, ITRA2)
DEFINE FILE 3(150¢150,UrITRA3) 4(150+40+U, ITRAG)
DEFINE FILE 5(150+,400/UsITRAS) »6(5001509+Ur IREC6)
LDEFINE FILE 7(100+150,UsIREC7),8(50¢1500U, IRECS)
DEFINE FILE 9(500150+/U2IREC9)+10(500150+U, IREL10)
DEFINE FILE 11(500150,UrIRE11) ‘

IDATA = 2

ITRA2=

ITRA3=1

FORMAT (2X»7E13.5)

FORMAT (2xv20H ACTUATOR 34 )

WRITE (3,1002) :
READ (1=IDATA) AMAX+PREM) TORQs VELA?» AAAA2) AAAAY» AAAAG ) AAAAT »
AAAAS8

31 CONTINUE

1

(I \V

READ (2=ITRA2) WALW/)QAL1A»QALBrQALC»QALD?QALEYQALF)QALGIQALHIQALT
QAlJvWAZWrQAZAvQA2B:QA2C'QAZDvQAZG'QA2HO0A2I'QAZJrWA3WvQA3A'QA3BO
20A3IrQASdoWAQWoQAQA'QAHBvQA“C!QA“D!QA“E'QA“FOQA“IoQA“d'WASW'QASA'
3QA580GA5C00A50vQA5ErQA5F'QA51oQA5doWABWDQABA!QABBvQABIvQABJoWAﬁW!
HQABA»QA6B QABC)QA6D 1 PRES» TRAL » VELL + FORC r FLOW » AV2F J» AMOM

READ (2=ITRA2) AV2FIrAV2FW e AV2FX e AV2FB)AV2F10AV12JrAVI12I
rAV12XrAVI2A »AV11I0AVLIYIvAPPPKeAPPPI»APPPY
2 APPPUr APPPX+»ACBT1/ACBTY4,ACBBI»ACBBY»APRBJ
» APRBW» APRBI » APRRI»APRHK s AVMAW» AVMAA

ACUUI=.774*AV2FI

WALW=WALW+.00293+,11%AV2Fy

CALL OSUB(+239+PRES12¢1.+RWT/RFRGsRFRC»RFRS)RFRF)

WALWSWALWH+2« 0%RWT

QA1A=QA1A+2.0%RFRG+.0010+,00139/ACUUI**0.5

QA1B=QA1B+2.0*%RFRC+.0002+,000278/ACUUI*%*0,5

QALC=QALC+2.0*%RFRS++.00025+.00363/ACUUI*%0,5

QA1D=QA1D+2.,0%RFRF+.00005+,0000695/ACUUI*%0,5

CALL OSUB(ACUUI'PRESr2s14)RWT2»RFRG»RFRC+»RFRS»RFRF)

WALWSWALWH+2 O%RWT

QA1A=QAL1A+2.,0*%RFRG

QA1B=QAlB+2.0%RFRC

QA1C=QAL1C+2.0%RFRS

QALD=QA1D+2.0%RFRF

WALW=WALW+14,0%(2,66E=14) x (APPPI*PRES) %%3,0 _

QAL1A=QA1A+14,0%(16+08)/(APPPI1*PRES)

CALL OSUB(ACBBIYPRESr2¢1.++RWTIRFRG?RFRC»RFRS¢RFRF)

WALWSEWALWHRWT : '

QALA=QALA+RFRG

GA1B3=0A1B+RFRC

QA1C=QALC+RFRS

QAL1D=QAL1D+RFRF .

CALL OSUB(.94*APPPK9PRES/2,0QS:1.oRWTvRFRGoRFRCvRFRS:RFRF)

ACSCW= o 758%RWT

WALWSWALWH+2 . 0FRWT+2.0%ACSCW

QA1A=QA1A+2.0*%RFRG -

GA1B=QALlB+2.0%RFRC

QA1C=0A1C+2.0*RFR$
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QA1D=QA1D+2.0%RFRF

-CALL OSUB(APPPKrPRES/2, 003-0.uRWT:RFRG-RFRCnRFRSoRFRF)
QALA=QAL1A+2.0%RFRG

QA1B=QA1B+2,0%RFRC

QAL1C=QA1C+2,0%RFRS

QA1D=QA1D+2.0%RFRF

WASW=WA3W+.387

CALL CSUB(. 239+PRES?161 04 »RWT»RFRGyRFRCy RFRS.RFRF)
QASA=QA3A+2.0%RFRG+.73

QA3B=QA3B+2+.0%RFRC+,073

QA3C=2,0%RFRS+,0365

QA3D0=2.U*%RFRF+,0073

CALL OSUB(.145.PRESp5o0.oRWTvRFRGpRFRC RFRS»RFRF)
QA3SA=QA3A+2.0%RFRG

QA3B=QA3B+2.+0%RFRC

QA3C=QA3C+2.0*RFRS

QASD=QA30L+2+ 0%xRFRF

WABW=WA3W+3.39%ACSCW

QA3A=QA3A+.0339%APPPK

QA3B=QA3B+.00339%APPPK
ABFAI=(+534+,9218E=4*PRES)*(VELA*TORQ/ (PRES**1, 5))**0.5
ABFAX=1+39%(VELAXTORQ) *%0,5/ (PRES**,75)

ABFAW=5, 7E-5*(VELA*TORQ)**1 5/ (PRES*x1,25)

CALL OSUB(ABFAI*PRES?2,1.+RWT *RFRG*RFRC'RFRS/RFRF)
WATWSABFAWXAAAAT

QA7A=RFRG

QA7B=RFRC

QA7G=RFRS*AAAA7

QA7H=RFRF*AAAA7

CALL OSUB(ABFAIr40er2s1¢rRWT»RFRG)RFRC»RFRSsRFRF)
QA7A=QA7A+RFRG |
QA7B=QA7B+RFRC
QA7C=RFRS
QA7D=RFRF
CALL OSUB(+3464%ABFAI*40+v211++RWTIRFRGs»RFRC» RFRS»RFRF)
QA7A=(QA7A+RFRG) *AAAA7

QA7B=(QA7B+RFRC) *AAAA7

QA7C=(QA7C+RFRS)*AAAA7

QA7D=(QA7TD+RFRF) *AAAA7

ABPBI=,0662*ABFAI

ABPBX=,898%ABF AX

ABPBW=42365%ABFAW

ABPBA =3.54*ABPBI*PRES/(VELA*TORQ)
WABW=2.0%,2365«ABFAW+WABW .

CALL OSUB(ABPBIrl, 5*PRES:6'1.onT.RFRG.RFRC.RFRS:RFRF)
QABA=2.0*%RFRG+2.0%ABPBA +QA8A

QA8B=2.0*RFRC+1.,6%xABPBA +QA8B

QABE=2,0*RFRS+,6*%ABPBA

QABF=2.0*RFRF+,06xABPBA

CALL OSUB(ABPBIOPRESerlooRWToRFRGvRFRCoRFRS'RFRF)
QABA=QABA+2 . 0*RFRG

QABB=QA8B+2.0%RFRC

QABC=2+0*RFRS+,6*ABPBA

QABD=2+0*RFRF+,06xABPBA .

CALL OSUB(. S3*ABPBI'PRES'201.vRWToRFRGoRFRC:RFRS:RFRF)
QABA=QABA+2+0%RFRG

QABB=QA8B+2«0*%RFRC

QABC=QABC+2+0*RFRS o

QABD=QABD+2+0xRFRF -

"QA8I=.6*xABPBA +QA8I

+



QA8U=,06*%ABPBA +QA8J

WASW=WA3IW+.0065 )

QA3A=QA3A++0039 » v
ABBDI=.89*(VELA*TORQ)**0.5/PRES**.75

ABBDX=1.67*ABBDI - o

CALL OSUB(ABBDIvPRESoZo1opRWT'RFRG'RFRCoRFRSoRFRF)
wA9w=RhT+.222*(ABBDI**S.O)+.0000697*PRES*ABBDI**3.0+.088
QA9A=.0375/ABBDI+RFRG+3.06/(ABBDI*PRES)+.0202 :
QA9B=RFRC+3+.06/ (ABBDI*PRES) ; A

QA9C=RFRS+1.58/ (ABBDI*PRES)

QA9D=RFRF+1,587 (ABBDI*PRES) Coo

CALL 05UB(1.13*ABBDI!40.'2'1.vRWT!RFRG.RFRCURFRS.RFRF)
WAOWS=WAOW+RWT ﬁ

QA9A=QAQA+RFRG

QASB=QRA9B+RFRC

QA9C=QA9C+RFRS

QA9D=QA9D+RFRF

ABFHJ=,2185*%(VELA%TORQ/PRES) **0+5
ABFHI:ABFHJ+(7.5E-6)*(PRES*VELA*TORQ)**O.S
ABFHW=(5406E~7) % ( (VELA*TORQ) *%1+5) 7/ (PRES*%0,5)

ABFHA =+0001135%xVELA*TORQ/ (PRES*ABFHW) °
ABFEw=,0075*VELA*TORQ/PRES
WA9W3WA9W+A8FHW+ABFEW+.0028*ABFHJ**3.0

CALL 05UB(.97*ABFHI;PRES:500.vRWT:RFRG-RFRC:RFRSORFRF)
WAOWSWAOW+RWT . X
QGA9A=QA9A+RFRG+ABFHA +.11%xABFEW+.0136/ABFHJ
QA9B=QA9B+RFRC++ 1%ABFHA +,055%ABFEW+,00136/ABFHJY
QA9C=QA9C+RFRS++05%ABFHA )

QASD=QA9D+RFRF + « 05*ABFHA

CALL OSUB(.bZS*ABFHJ!ZO-oZrl.vRWTvRFRGoRFRCoRFRSoRFRF)
WAOWZWA9W+RWT ! .
QA9A=QA9A+RFRG

QA9B=QA9B+RFRC

QAQG=.0055*A8FEW+.00034/A8FHJ

QA9H=QA9G : . '

QA9I=QA9G+RFRS

' QA9J=QA9G+RFRF
C ACTUATOR 4

AVDAI=ABPBI

AVDAX=ABPBX

AVDLIA =.042%AV2FJ%*2,0/AV12J
0WA1WZWA1W+(AAAA4+AAAA6)*(208*ABPBW+000402*AV2FJ**2-0+.312*(AVIII)
1¥%3,0)++000215%PRES*AV11I%%3,0

GA1A=QA1A+(ABPBA +AVD1A +2,02%AV12A +.000322/7AV11Y) % (AAAAL+AAAAG)
0QA1B=QA1B+(+8%ABPBA ++1*%AVDLA +1,818%AV12A +3.22E=5/AV111) %
1(AAAALH+AAAAG)

CALL OSUB(1.02*AV111rPRES/2.0r201.vRWTrRFRGoRFRCvRFRSoRFRF)
WALWZWALW+RWT* (AAAA4+AAAAG) *2.0

QALA=QALA+2.0%RFRG* (AAAAG+AAAAG)

QA1B=QA1B+2.U*RFRC* (AAAAL4+AAAAG)
WAL1G=QA1G+(2.0*%RFRS+.808%AV12A )* (AAAAY+AAAAD)

QALH=QA1H+ (2, 0%RFRF+,404%aV12A )* (AAAAL+AAAAG)

CALL OSUB(1.29*AV1119PRES/2.012v1.0RWToRFRG-RFRCORFRSORFRF)‘
WALWZWALWHRWT* (AAAAU+AAAAR) .

WALAZQALA+RFRG*x (AAAAL+AAAAG)

QALIBZ=QALB+RFRC*x (AAAAL+AAANG) .
QAlCZGAlC+(RFRS+3.22E-5/AV111)*(AAAA4+AAAA6)
QAlD:OA1D+(RFRF+1.29E-5/AV111)*(AAAA4+AAAA6)

QALI=QALI+( UI*AVDL1A +,808*%AV12A +,9%ABPBA Y (AAAAU+AAAAG)
QALJ=QA1J+ (s 01*%AVDIA +,404%AVI2A +,1%ABPBA ) (AAAAG+AAAAG)
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AVBPIZ=1,115%AV2FJ

AVBB2=AAAA2
OAVBBX=AVBBZ*(AV2FI*(1o0+(3.016-4)*PRES)+AV121*(1.0+(2.6655-u)* -
1PRES) +58.3%AV12J) , ,
0AVBBW=1.1*(AVZFX*AV1YI*§AV2FI*(.0753+(.442Eé4)*PRES+(.649E~8)*PRES
1**2.0)-.052?*Av1¥1)+(AV2F1**2.0)*AVZFX*(30231+(.539E~#)#PRES+
2(.6465-8)*PRES**Z.O)+AVDAx*AVDAI*(Av2FI*(.119+(.623E~4)*PRES+
3(.797E-8)*PRES**2.0)-.0787*AVDAI)+AV121*AV12J*(PRES**O.S)*(AVlZJ
4*(PRES**0.5)*(.107+(.28565-#)*PRES)-.OBBS*AVIZI))
OAVBBW=AVBBW+1.1*(,08614+AV2FX* '
1AV2FJ**2.0*AVBBZ*APPPK**Z.O*(AVZFI*(.0398+(.125-#)*PRES)+AV121*
2040398+ (4 106E=4)*PRES) +24 32%AV12J+,00602*%APPPK) )

AVBBA =1.4E=5%PRES/AV12X+,0234/(AVBBW**,333)
WA1w=WA1w+AVBBw+.00727*APPPK+.0324*AV2FJ**2.5

QA1A=GALA+AVBBA +.015+.00196*AV2FJ**0.5

QA1B=QA1B+.1*AVBBA +.000196%AV2FJ**0,5

QAIC=QA1C+.,01%AVBBA

QALD=QA1D+.,005%AVBBA

CALL OSUB(1.115*AV2FJoPRESoa'1.'RwToRFRGrRFRCoRFRSoRFRF)
WALWSWALW+RWT

QA1A=QA1A+RFRG

QA1B=QA1B+RFRC

QAL1C=QA1C+RFRS

QA1D=QA1D+RFRF :

CALL OSUB(1.31*AV2FJOPRES:600.oRWToRFRG'RFRC'RFRSvRFRF)
WALWSWALWH+RWT L
QA1A=QALl1A+RFRG

QA1B=QA1B+RFRC

QA1C=QA1C+RFRS

QA1D=QA1D+RFRF : ‘

CALL 05UB(1.31*AV2FJ:40.0690.oRWToRFRG;RFRCoRFRS'RFRF)
WALWSWALWHRWT ;

QA1A=QA1A+RFRG

QA1B=QA1B+RFRC

QA1C=QAL1C+RFRS

QA1D=QAL1D+RFRF
CALL-05UB(1.31*AV2FJ:.S*PRESvéoO.uRWToRFRG-RFRCoRFRSoRFRF) )
WALWSWALWH+2 . 0%RWT :

QALA=QALA+2,.,0%RFRG

QA1B=QA13+2+0%RFRC

GA1C=QA1C+2.0%RFRS . -

QA1D=QALD+2.0%xRFRF

QA1G=QAlG+.01%AVBBA

QALIH=QAlH+.005%AVRBA
OATBBW:S.lE-S*FORC*(TRAL+.00318*AAAA8*VELL**2./APRHK+AVBBX*AVB82)
1+.2+.0907*APR8J**2-0*(5.41*APRBJ+.735)

WALl2W=ATBEW

QAL12A=,1205/ (ATBLBW*%,333)

QAl12B=.012/ (ATBBW*x%*,333)

QA126=0A128

QA12H=.1*%gAl2B '

ATBC1l=1,195%xAPPPK+2 ¢39%AV2F]

ATBC2=.89%APPPK

"ATBCA=3.11E-5%APPPI*PRES .
ATBC4:1.9*(TRAL+.00518*AAAA8¥VELL**2.0/APRHK+APPPY)
UATBCH=0+24%ATBC3* (ATBCU* (3, #ATBCL+ATBC2+2.,%ATBC3) +ATBC3* (3, *ATBC1
1+ATBC2+6.*ATBC3)+(ATBC1+ATBC3)*(ATBC1+ATBC2+2.*ATBC3))+APRBJ**2.*
2(.Sul*APRBJ+.0735)+1.89E-5#FORC-.0335

WALOw=ATBCW

QA10A=. 06/ (ATBCW*%¢333)



QA10B=.1%QA10A

QAl0G=QAl108B

QA1O0H=QA10B

STVFJ:.368*((VELA*TORG)**.SI(PRES**.75))

0ABHTW=.031*(TRAL+‘00318¥AAAA8*VELL**2-/APRHK+APPPY)*(.S*ACBTQ**Z;-
1ACBT1**2.+1.44*(APPPI+STVFJ)**2.)+o177*(ABFAI+ABBDI)*(ATBC1+ :
2ATBC2+4-*ATBC3)*(ATBC1+20*ATBC3--0786*(STVFJ**2o+APPPK**2.))
3+ABFHI**5.*(2.04E~9*PRES**2.+4.08E'5*PRES+.03Q5)

WASW=WASW+ABHTW )

QASA=QASA+.208/ (ABHTW*%,333)

QA5830A58+o208/(ABHTW**.333)

QA5C:QA5C+00208/(ABHTW**.333)

- QASD=QAS5D+.004/ (ABHTW*%,333)

WRITE (3.920)" WALW,QAL1A»QALBrQALCYQALIDQALE» QALF
rGAlG;QAleQAlIrQAldoWAZWrQAZA:GA?B
vQA2COQA200QA26'QA2H'QA21OQA2J :

WRITE (3,920) WA3WrQA3A»QA3B1QA3CIQA3DIQA3I QA3
' WAUW ) QALA»QAUB » QA4C» QAUD » QAHE » QALF
r QA4 Ty QALJ P WASW» QASA » QASB» QASC » QASD
* QASE » QASF 1 QASI» QASJr WAGWr QABA» QAGB
»QAGC ) QAED Y WA7Wr QATA»QATB»QAT7C»QATD
WRITE (3,920) QA7GrQA7H» WABW» QABA Y QABB» QABC » QABD
»QABE »QABF 1 QABI» QA8J» WA9Wr QA9A» QADB
»QA9C/»QA9D»QA9G» QA9H » QAT » QAOY
~ WRITE (3,920) WAL12W,QA12A+QA12B+,QA12G»QA12H, WALO0W
WRITE (30920) QA10A'QAlOB'QA10GsQAL0H
WRITE (3,920) PRES» TRAL ¢ VELL rFORC*FLOW»AV2FBsAV2F1
vAVlZd'APPPKrAPPPI!APPPY'APRBW'APRBIvAPRRI
'APPPJ'APPPX'ACBTI'ACBT“'ACBBIDACBBY'APRBJ
r APRHK » AVMAW » AVMAA » ABFHI»ABFAI» ABFAX ) ABFHJY
»ABBDI»ATBC1,ATBC2/ATBC3/STVFJrAVBBX s AV2FJ
WRITE (3=ITRA3) WAlvaAlAnQAlBoQAlCvQAlD'QAlEoQAvaQAleQAleQAIIo
1 QAld'WAZW'GAZArQAZBvQAZCpQAZDvQAZGoQAZH]QAZI'QAZJ'WA3WOQA3AOQA33'
2 GA3CiQASU'QA3I'0A3JvWA4WoQAQA;QAQB:QAQCvOA“DoQA#EvQAQFrQA“IvQAQJ.
3 WASW’QASAouA5B'QASC!QASD.GAbE'QASFOQASI'QAsdvWA6WOQA6AIQA680QA6C0
4 QA600WA7W'QA7A'QA7BOQA7C'GA7DvQA7G'QA7H'WA8WrQABA'QABB'QABC'QABD
WRITE (3=-ITRA3) QABE!QABF:QABI'QABJvWA9W00A9Ar0A9BOGA9COQA9DoQA9Go
1 QA9H'QA91'QA9J0WAIZW'QAlZArQAlZBoQAlZG'QA12H7WA10W09A10A9QAIOB'
2 QAlUGvQAlOH'PRESpTRALrVELLvFORC!FLOWoAV2FB:AV2F1;AMOM.AVlZdoAPPPK
3 'APPPIOAPPPYvAPRBWvAPRBIoAPRRIrAPPPdoAPPPXoACBTlvACBTQoACBBIv
4 ACBBY:APRBJ!APRHK'AVMAW'AVMAAvABFHIrABFAI'ABFAXrABFHJoABBDI'ATBC1
WRITE (3=ITRA3) ATBC2+ATBC3/STVFJIAVBBXrAV2FJ
 IF (AMAX=-AMOM) 30+30,31
30 IF (PREM=PRES)32r32931
32 CONTINUE
CALL LINK (ACTS6)
END
// DUP
*STORE WS UA ACT34
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C ACTUATOR. 5

920
2

61

A - ¢-37
~ STORED PROGRAM 3

..

DEFINE FILE 1(500290+/UsIDATA)»2(100+,1500U, ITRA2)

DEFINE FILE 3(15001500UoITRA3)a“(lSOv“O:U:ITRA#)

DEFINE FILE 5(150+400UrITRAS) v6(500150,Ur IRECH)

DEFINE FILE 7(100+150,Ur IREC7)»8(50+1500U, IRECS)

DEFINE FILE 9(500150+U»IREC9)+10(50+150+U,IREL10)

DEFINE FILE 11(50,150)UsIRE11) '

IDATA = 3 : i-

ITRA3=1

ITRA4=1 ‘

IREC6=1

FORMAT (2XeT7TE13.5)

FORMAT (2X020H ACTUATOR 56 )

READ (1-=IDATA) AMAX»PREMy TORQ s VELA?»AAAAL ) AAAA2 ) AAAAL ¢ AAAAS » AAAAG
1 AAAA?vAAAAB!AAAA9:AAA10aAKVELoTOILW.AIPAlvAIPAZvAIPASoAIPA“v*\\
2 CGrCCrCSAPCFAICYAPC2A -

WRITE (3,2)

CONTINUE

READ (3=ITRA3) WA1W'QA1A'QAIB'QAIC'QAID'QAIE'QAIF'QAIGOQAIH'QAII'
1 QAIJ'WAZWvQA2A'GAanQAZC:QA2D.QA260@A2H'QAZIoQAZJ'WA3w'6A3A'GABBo
2 QA3C'QA3DOQA3IIOA3J1WA“W:QA“AvQAQB!QA“C'QAQD'QAQE'QAQFvQAQIDQA“Jp
3 WASW'QASA'QASB'QASC'QASD!@ASE'QASF'QASI'QASJ!WA6W'QA6A'QA6B'QA6CO
4 QA60!WA7W'QA7A'0A7B'GA7CoQA70'0A7G!QA7H'WA8W'QA8A'QABBOGA8C!QABD

READ (3=ITRA3) QABE'QABFoQABIo@ABJrWA9W'QA9A'QA9BOGA9CDQA90'QA960
1 QA9H'GA9I'QA9J'WAlZWnQA12AvQAIZBvQA12GvQA12H'WA10WoQAIOA.GAIOB'

2 QAlOG'QAlOH'PRES'TRAL!VELL'FORC'FLOW'AVZFB'AVZFIOAMOMOAVIZJ'APPPK
3 oAPPPI'APPPYrAPRBW'APRBIoAPRRIoAPPPd:APPPXrACBTlvACBTQvACBBI'
4 ACBBY:APRBJ:APRHKOAVMAWrAVMAA!ABFHIvABFAIOABFAX'ABFHJvABBDI'ATBCI

READ (3=ITRA3) ATBC2+ATBC3+1STVFJrAVBBXrAV2FJ
OABHMw=.031*(TRAL+.00318*AAAA8*VELL**2./APRHK+APPPY)*(.S*ACBTQ**a._
1ACBT1**2.+1.44*(APPPI+STVFJ)**2-)+.177*(ABFAI+ABBDI)*(ATBC1+
2ATBC2+4.*ATBC3)*(ATBC1+2.*AT8C3--0786*(STVFJ**2-+APPPK**2.))
S+HABFHI**34%(1¢02E~9*PRES*%2++2, 04E~5%PRES+.,0173)

WA13Ww=ABHMW

QA13A=.2087 (ABHMWX*,333)

QA138=QA13A

QAL13C= ,1%xQA13A

QA13D=.,5%QA13C

QA136=QA13C

QA13H=QA13D

ABFAI=ABFAT*AAAAT |

ABFAX=ABFAX*AAAA7

ABHBX=1+3%ABFHI+1,70%ABBDI*(1,0+2,05E=4%*PRES)
0ABHBW= 0 0864 *ABFHI**3¢%(1+3%((2,0E~4)*PRES+(1,0E=8) *PRES
1¥%2,0)+42195) +ABBDI**3, 0% 4770+ (4 4UE=4 ) *PRES+ (4 4 4 TE=8) *PRES * %
2240+¢0635+ABFAX*ABFAI**240%( 402365+ (+561E=4) *PRES+( . 718E=8) *PRES
3%%24)+40864% (ACBBI*%240%( (1,608E~4) *PRES+ (464 TE=8) *PRES*%*2.4 0) %
HABHBX+ (ACBBI**2.0~APPPK**2,0) * (ABHBX=1,3%ABFHI))

WAL2W=ABHEBW+WAL12W .

QAL12C=,0208/ (ABHBW**,333)

QAL12A= QA12A+QA12C*10,

QA12B= QA12B+QA12C*10,

QA12D=.5%gAl12C

QA126= QAl12C+QAl2G

QA12H= QAL12H+.5%0a12C



_ C-

AIPBW=.0876*%TRAL*AIPAL ‘ 38

AIPBA =AIPA4*TRAL*(.212+AIPA1*.338+AIPA2*.338+AIPA3*.274)

WASW=WAIW+4252%xAIPAU+AIPBY

QA3A=QASA+AIPBA +AIPA4*(.0968+AIPA1*.250+AIPA2*.250+AIPA3*.150)

QA3B=QA3B+«1*%AIPBA +.1*AIPA4*(.0968+AIPA1*.25+AIPA2*.25+AIPA3*.15)

AFCCX:AAAAS*(.00318*(VELL**2.)/APRHK*AAAA8+TRAL+62.*AV12J)

AFCCI=27.0*AV12J

AFCHX=AAAAS*(2,0*%AFCCX=62,0%AV12J) - '

ATUBA =.0487*APRBJ+(.0343/APRBJ)+.00743 ’
OWA3w=WA3w+73.S*AFCCX*AVIZJ**Z.0*.2475*AFCHX*AFCCI**2.0+AAAA5*.286
1¥AIPBW+e TO4XAFCCI*%3,0%AAAAS+AAAAS*, 0002+2  *APRBW
OQA3A=QA3A+AAAAS*.00196/AV12U+,0385%AFCCI*AFCHX+40301%AIPBA *AAAAS
1+AAAAS*(,000132/AFCCI)+AAAAS*,070 +,05%ATUBA ,
OQA38=QA3B+AAAA5*.00049/AV12J+.00962*AFCCI*AFCHX+AAAA5*.0075*AIPBA
1+AAAAS* (. 000132/AFCCI) +AAAAS*, 0175 +.05%ATUBA
00A31=GA31+AAAA5*.00u784/Av12J+.00154*AFCC1*AFCHX+AAAA5*.012*A1PBA
1+AAAAS*(4000198/AFCCI) +AAAAS*,028+.05*%ATURA
UQA3J=QA3J+AAAAS*, 0000784/ AV12J+400154%AFCCI*AFCHX+AAAAS* 001 2%
lLAIPBA +AAAAS*(,000132/AFCCI)+AAAAS*,0028 +.05%xATUBA

WAZWSWAWH+AAAAS* 492%AVMAW +,0478

QA2A=QA2A+AAAAS*, 15xAVMAA  +,33

QA2B=QA2B+AAAASX*,015%AYMAA +.033

QA26G=QA2G+.0033

QA2H=QA2H+.0033

QA2I=QA2I+AAAASX*,003%AVMAA

QA2J=QA2JU+AAAAS*, 003 *AVMAA

CALL OSUB(26.*AV12d012.50600.oRWTvRFRG'RFRCoRFRS'RFRF)

WA2W=WASW+AAAAS*RWT '

QA2A=QA2A+AAAAS*RFRG '

WASW=WAIW+1440%2+66E=~14%( APPPI*PRES) *%3,0

QA3A=ZQA3A+14.0%16,087/ (APPPI*PRES) ’ :

CALL OSUB(ACBBYr1245¢6+0, +RWT+RFRG?RFRC+RFRS»RFRF)

WABWSWAIW+RWT

QASA=GASA+RFRG

ACVOL = 1.2%xTRAL*FORC/PRES+ABFHJU**3,%2,2

WASWEWALWHWAW+WASWHWALWHWAGWHWATWH2 . D4 WABW+WAOW+WAL12W
1+TOILW*ACVOL

QASG=CG* (GAIA+QA2A+QALA+QALA+QABA+QAL2A+QATA+2, 0%QABA+QA3A)

QASC=CC*(QASU+QA2B+QA1B+QAUB+QA6B+QA12B+QA7B+2, 0*QABB+QA3R)
OQASS:CSA*(QA9C+0A9G+@A91+@A2C+QA26+QA21+0A1c+oA1E+0A16+QA1I+QAuc+
1GAHE+QAHI+QABGC+QAL12C+QAL2G+QATC+RATG+2, 0% (QABC+QABE+QAST)
2+QA3C+QA31)
0QASF= (QASD+QA9H+QA9J+QA2D+QA2H+QA2U+QALID+QALIF+QA1H+QA 1 J+QALD+
1QA4F+QA4J+QABD+QA12D+QAL12H+QATD+QATH+2, 0% (QABD+QABF+QABY)
2+QA3D+QA3Y)

WATWSVASWHWASW+WALOW+2, 0% (WALWH+WA2W+WATWHWABW+IWAOW)
1+2,0*TO1LW*ACVOL

QATPG=CG* (QA9A+QA1A+QA2A+QAS5A+2, 0%xQABA+QATA)

QATSG=CG* (QA9A+QA1A+QA2A+QASA+QATA)

QATCG=CG* (QALO0A+QA3A)

QATPC=CC* (QAIB+QA1IB+QA2B+QASB+2. 0%QA8B+QA7B)

QATSC=CC* (QAYB+QALB+QA2B+QASE+QATH)

QATCC=CCx(QA10B+QA3B)
OQATPSZCSA*(QA9C+GA9G+QA9I+QA2C+QAZG+QA21+GA1C+QA1E+QA16+0AII
1+QASC+QUASE+QASI+2, 0+ (QABC+QABE+QABI) +QA7C+QATG)

OQATSS=CSA* (WAICHRAIGHRAII+QA2C+QA2G+QRA2I+QRALIC+QALE+QALG+QAL]
1+GASCHQASE+QADI+QATC+QATG)

QATCS=CSA*(GA10G+QRAA3C+QA3T)
0QATPF= (QA9D+QATGHFQRAIJ+QA2D+QA2H+QA2J+QALD+OALF+QALIH+QALY
1+QASU+CASF+QRASJ+2,0% (QABD+QABF+QA8J) +QA7D+QATH)



C ACTUATOR 6

: : c-39
O0QATSF= (QA9D+QA9H+QA9J+GA2D+QA2H+QA2J*QA10+QA1F*QA1H+QAld

1+QA5D+QASF+QASJU+QATD+QATH)
QATCF= (QA10H+QA3D+QA3Y)

WAMW:WA1w+3.O*WA2w+WA3w+WAuw+WA6w+WA7w+2.O*WA8w+WA9w+wA10w+wA13w
1+TOILW*ACVOL ) e
UQAMGZCG*(@A9A+3.0*0A2A+QA1A+QA4A+QA6A+0A10A+QA13A+QA7A
1+2,0%QA8A+QA3A)
OQAMC:CC*(QA9B+3.0*0A28+QA18+QA48+QA6B+QA1OB+QA13B+QA7B
1+2,0*%QA8B+QA3B) :

QHZS = (QA2I*QA2I*CSA*CSA)*(1,5=,5%¥QA21*CSA)

AN25S = (QA2G*QA2G*CSA*CSA) *(3,0=2,*QA2G*CSA)

QA1S=CSA* (QA9C+QA9G+QA9])
0@A3$:CSA*(0A1£+QA16+QA1I+QA4E+@A41+@A60+GA106+@A136
1+QA7C+QA7G+2.0% (QABC+RABE+QABT ) +QA3C+QA3I)

QAMS = 1, =(1+=QA1S)*(1,~QA3S)*(1,-QH2S)*(1,=AN2S)

GH2F = (QA2JU*QA2J*CFAXCFA) *(145=45%QA2J%CFA)

QH2Y = (QA2U*QA2U*CYA*CYA)*(145=,5%QA2J*CYA)

QH2Z = (QA2U*QA2J*CZA*CZA)*(145=45%QA2U*CZA)

GNeF = (QA2H*QA2H*CFAXCFA)*(3,0=2.*QA2H*CFA)

QN2Y = (QA2H*QA2H*CYA*CYA)*(3,0=2.*QA2H*CYA) -

QN2Z = (QA2H*GA2H*CZA*CZA)*(3,0=2,*QA2H*CZA)
QAL1F=CFA*(QA9D+QA9H+QA9J)

QAlY = QA1F*CYA/CFA

QAlZ = QAL1F*CZA/CFA
O0QASF=CFA*(QALF+QA1H+QALJ+QA4F+QA4J+QABD+QA10H
1+QA13H+GA7D+QA7H+2.U*(QABD+QA8F+0A8J)+QA30+0A3J)

QA3Y = QA3F*CYA/CFA

QA3Z = QA3F*CZA/CFA .

QAMF = 1o =(1+=QA1F)*(1,=QA3F)%(1,-QH2F)*(1,~QN2F)
QAMY = 1. =(1,=QA1Y)*(1,=QA3Y)%(1,=QH2Y)*(1.=QN2Y)
QAMZ =

1. =(1.~QA12)*%(1.=QA3Z) *(1,=QH2Z) *(1,=-QN22)

ACTIM=TRAL/VELL
ACTQL=(AV2FB+14 s 2%AV2F U%%3,0) %2, 0
ACTQM=FLOW+14 4 2¥AV2F J%*3, 0
OALLLX=(APRRI+APRBI)/240+1,836%APRBJ+APRHK+APPPX+AFCCX+ . S*TRAL+
1 J00159*%VELL**2+0/APRHK*AAAAB :
ACYCL=21,0E+8/ (PRES*TRAL) -
ALIFE=2+533%AV2F1*xTORQ*VE A/ (PRES*AV2FB*%2,0)
ACTQAZACTGM+, 74FLOWX (1 0=AAAAT)
UAKINT=140/(+275% (TRAL+,00318%VELL*%2,0/APRHK) / (2, 4E+S5«FORC/PRES) +
1APPPI#%2, 0% (ACBBI+APPPI)* (TRAL+APPPY+,00318%VELL*%2,0/APRHK)/ (14 .8
2E+7% (FORC/PRES) *%24 0% (ACBRI=APPPI) )+ (TRAL+APPPY+,00318%VELL**2, 0/
SAPRHK)/ (3, 14% (ACBBI**2,0=APPPY*%2,0)%29+E+6) )
OAKEXT=140/ ( (APPPX=TRAL=0+71*%APPPK**045=, 00159%VELL#*2,0/APRHK=APPPY
1)/(22.8E+6% (APPPK#*2,0=APPPJ*%*240) )+ (AVBBX+TRAL) /(2. 37E+3%FORC) )
OAKSSS=(140=AAAAL) % (1+0=AAAAG) %140/ (1,0/AKEXT+AV2F U/ (84 . 6*¥AKVEL %
1 (FORC/PRES) *%2, 0*PRES*%0¢5) )+ (AAAAL) % (14 0=AAAAL ) * (1. 0=AAAAG) *1 .0/
2(1,0/AKEXT+140/AKINT) +1,0E=9 :
FLOR=FLOW* (3000+/PRES) **0,5
IF (FLOR=20,) 871,871,872

871 AAA15=0.

GO TO 873

- 872 AAALS = 1,
873 CONTINUE

ADUML1 = (71oBZ*APPPK-9o77*APPPK**2o+2001“*APPPK**30+APPPI**3-
1*(.875758-20009068/PRES“79711o07/PRES**2¢)+66628232./PRES**2.0'
2117454.89/PRES+105-55801‘!Q34223256*PRES+100761896E-5*PRES**2-0)
3*(1.0*00188*'”2,\[-) .

ADume = (556.78+2.293*FL0R-4-875E14/(FLOR*.25974+13303)**5.5629)*



| c-4o
1 AAALS +(167.49+.3822*FLOR'.8125E+1Q/(FLOR*.25974+133.3)**

15.5629) * (AAAAT+AAAAL+0 . S*AAAAL ) :
ADUM3= (51,41+,0008176*%PRES+.00646%PRES*APPPI=20,285E~5%

flAPPPI**Z.*PRES-.6927*APPPI+1.1711*APPPI**2.)*AAAAB*AIPAQ*(261.3+
227.30*AIPA3+35.10*(AIPAL*AIPA2)+31oZO*TRAL*(AIPA1+AIPA2+AIPA3))

ADUMQ:(lO0.0*AFCCI*l.00+250o0)*(1.0+.0188*TRAL)*(AAAAZ+-333*AAAA6)

ABCSS = S5,2%ADuMl + ADUM2 +ADUM3+984 ,07 +2,3%WASW*%,.5 +ADUMY
OATCSS =910-+lU.*AAAA8+AIPA4*(25.+(AIPAl*AIPA2+AIPA3-1.)*5.)+
1AAAA2*10,0+AAAAT*20 ,0+AAAA6X20,0
0ADCSS =(66000.+L-E*“*AAAA8+8000o*AIPA4+20E+4*AAAA2+140000*AAAA7
1+l.E+4*AAAA6+1.E+4*(AAAA1+AAAA4)+1500*ABCSS )*AAAA9+AAA10*15“4600

AUCSS = ABCSS +ATCSS

ADTIS SAAAAS*62,+AAALDX21,

ABCST = 20+5%ADUML +2,%ADUM2+ADUM3 +1501. FTU.6XWATW*,5 +2.%ADUMY
OATCST 21450.*10.*AAAA8+AIPA4*(25.+(AIPAl*AIPA2+AIPA3-1o)*5.)+
lAAAA2*20.*AAAA?*“O.+AAAA6*20.

OADCST 2(92000.+1.E*#*AAAAB*BOOOo*AIPAQ+2.E+4*AAAA2*14000o*AAAA?
1+1oE+4*AAAA6+1.E+4*(AAAA1+AAAA4)+15-*ABCST )*AAAAO+AAALO*184460,

AUCST =ABCST +ATCST

ADTIT =AAAA9%65,+AAAL0*23,

ABCSM = 14.5%A0UM1+ADUM2+ADUMS +1481, +2.3%xWAMW%x,5 +3,%xADUM4
OATCSM =1045.+10.*AAAA8+AIPA4*(25.+(AIPAI*AIPA2+AIPA3-1.)*5.)+
lAAAAZ*IOo0+AAAA7*20.0+AAAA6*20.0
O0ADCSM 2(84000.+1oE+4*AAAA8*8000o*AIPA“+2.E+4*AAAA2+14000-*AAAA7 '
1+loE*Q*AAAA6+l.E+4*(AAAA1+AAAA4)+150*ABCSM }¥AAAAS+AAALO*204460,

AUCSM = ABCSM +ATCSM

ADTIM =AAAA9*65,+AAALO%23,

WRITE (3+920) WASWoQASGvQASCoQASS:QASFoADCSSoAUCSSvADTISoWAMWvGAMG
1,QAMC» QAMS» QAMF » ADCSM r AUCSM »ADTIM lWATWOQATPG'QATSG'QATCG'QATPC'
2QATSCOQATCC'QATPS'QATSS!QATCS'QATPFOQATSF'QATCFIADCSTOAUCSTO
SADTIT *ALIFE»ACTQL» ACYCL» AMOMs PRES» AMAX9»PREM »QAMY » QAMZ

WRITE(G'IREC&)WASW'QASG'QASC'QASSvQASFvADCSS!AUCSS!ADTIS'WAMW'QAMG
1+QAMC»GAMS» QAMF » ADCSM » AUCSM 'ADTIM"WATW.QATPGOQATSGOQATCG'QATPCo
ZQATSCpQATCC'QAIPS'QATSSoQATCSvQATPF;QATSF.GATCFoADCST.AUCST'
SADTIT *ALIFErACTQL?ACYCL» AMOM» PRES» AMAX » PREM r QAMY » QAMZ

WRITE (4~ITRAU) AMOMPRES » ALLLX 1 FORC» APRBU ¢ AKINT ¢ AKEXT » AKSSS »

1 APPPJ!FLOR!AAAlS!ACTQArACTQM'ACTIMoACVOL

IF (AMAX=-AMOM)60:60r61

60 IF (PREM=PRES)62¢62161 N
62 CALL LINK (TRUSS)
END

// DuP
*STORE WS UA ACTs6
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STORED PROGRAM 4

C TRUSS

920
1002

11

850

851
852

853

854
855

DIMENSION T1(12),T2(12)9TUBE(9914) FIT(14)

DEFINE FILE 1(500290+/UsIDATA)»2(1000150¢/U, ITRA2)

DEFINE FILE 3(150+,1500UrITRA3) »4(150+40+U, ITRAL)

DEFINE FILE 5(1500/400Us»ITRAS) +6(509150,Ur IREC6)

DEFINE FILE 7(100,150¢U¢IREC7)+8(5001500U, IRECS)

DEFINE FILE 9(50'150'U01REC9)710(50'1500U91REIO)

DEFINE FILE 11(50,150,UsIREL1)

FORMAT (2X¢7E13.5)

FORMAT (2X0220H TRUSS~=TUBE=VALVE )

WRITE (3,1002)

IDATA =4 '

ITRA4=1

ITRAS=1

IREC7 =1 :

READ (1-]1DATA) AMAX:PREM.TORG'VELA:EINT:ANUMB.XMDCoXMDDvaDBo
1 XMDA.XMDEvAAAAGoXXXXloXXXXZ:STVI.STVZ.TA.TB:TCoTDoTEoQQQle
2 Q0QQ2rQQQA3» VNAFQ? ANUMV»CG»CCrCSA»CSBCSD '

3 (TL(I)eI=1012) 0 (T2(I)»I=1+12) o (FITIN) ¢N=1014)

READ (1-IDATA) ((TUBE(M,N) +M=1+9) ¢+N=10r14)

CAG=1 .

CAC=.2

CAS=,.2

CAF3001

TMTL1=TB+TC+TD

TMTL2=TE

TMTL3=TA

ANUMV=ANUMV**,5

CONTINUE '

READ (4=ITRA4) AMOM:PRES.ALLLX'FORCvAPRBJoAKINTrAKEXTrAKSSSn
1 APPPJ/FLOR»AAALSIACTQArACTGMy ACTIMsACVOL

XALFP=ATAN ((AMOM=XMDC)/ (XMDD=ALLLX))

XBETP=ATAN ( (ALLLX=XMDA)/ (AMOM=XMDB))

XPHIP=1,57=XBETP

XSIGP=3+14=XALFP=XPHIP

XTHEP=ATAN ((XMDE*COS(XBETP))/(2.0%(AMOM=XMDB)))

XMTLX= (XMDD-ALLLX)/COS(XALFP) .

XMTUX=XMDE/Z (24 0*%SIN(XTHEP)) \

XMTUF=FORC*SIN(XALFP)/(2¢0*SIN(XSIGP) *COS(XTHEP) )

XMTLF=FORC*SIN(XPHIP)/SIN(XSIGP) '

IF (ABS (XMTLX)=ABS (XMTUX))850,850:851

XMTPX=XMTUX

GO TO 852 .

XMTPX=XMTLX

XMRAXSXMTPX/64,34

IF (ABS (XMTLF)=ABS (XMTUF))853:,8531854

XMTPF=XMTUF .

GO TO 855

XMTPF=XMTLF -

XTHIX=XMTPF/ (216352 .*XMRAX)
OWGT=1,777+XMRAXXXTHIX* (XMTLX+2, *XMTUX) +6 ¢ 338%¥APRBU* %3« +¢ 366%
1APRBU**2, )

XUSSA =3+.%(+00005/XTHIX++00025/XMRAX)+24%(.00745/APRBU) +.1



XUSSB T¢01+2,%(,000745/APRBY) c-42
XUSSG =2.%(,00022/APRBJ) .
XUSSH =XUSSG
TRWT=WGT : |
XRHOPZATAN ( (AMOM=XMDC) / ( XMOD=ALLLX=1+0) ) L
XDELP=ATAN ((AMOM=XMDB) / ( ALLLX~XMDA+140))
XZETPZATAN ((XMDE*(SIN(XDELP)))/ (2, 0% (AMOM=XMDB)))
XKKTLX=(AMOM=XMDC) / (SIN(XRHOP) )
XKTUX=XMDE/ (2. 0% (SIN(XZETP)) )
OXMTES=09+ 11E+7#XMRAX*XTHIX*( (COS (XRHOP) ) % (ABS (XMTLX=XKTLX) ) /XMTLX
1+240% (COS(XZETP) ) % (COS (XDELP) ) % (ABS (XKTUX=XMTUX).) ZXMTUX)
AKSYSZ140/(1e0/XMTES+1,0/AKINT+100/AKEXT)
ASTST=1,0/(140/AKSSS+1.0/XMTES) *(100-AAAAG) |
ANAFQ=AMOIM* (AKSYS/E INT) %%0 .5 '
VEACL=XMTES* (1,0=(VINAFQ/ANAFQ) ¥%2,0) /AKSYS* (VNAFQ/ANAFQ) %%2 4 041 .4 0
IF(VFAC1=1.0)201,202¢202
202 VFAC2=1.0
VFAC3=0,0
60 TO 200
201 IF(VFACl=.333)203,204,204
204 VFAC2=VFAC1 )
VFAC3=1 .0 |
60 TO 200
203 VFAC2=1.0
VFAC3=2,0
GO TO 200
200 VFACH=1.0/VFAC2
TRWT=VFAC4*TRWT
XUSSA =XUSSA *VFACY
XUSSB =XUSSB *VFACY ' :
XUSSG =XUSSG *VFACH | |
XUSSH =XUSSH *VFACY ' L
DO 302 N=1r11s1 | ‘ ~
IF (XTHIX=T1(N)) 301¢301¢s302
302 CONTINUE
301 XCONL=T2(N) |
OXRUSUS (4 8992% (24 0% XMRAX+XTHIX) #%1, 09885+ ¢ 482) % (XMTLX+2 .+ 0% XMTUX ) % (
LXCONL) + (374 75%APPPU**1,5962+78.0) %4.0
XRUSD=(900,+12,50% ( XMTLX+2.0%XMTUX) +10 , *XRUSU) xXXXX 1
QTRG=CG*XUSSA '
QTRC=CC*XUSSB
QTRS=CSA*XUSSG

QTRF=XUSSH
WRITE (3+,920)  TRWT»QTRG,QTRC+QTRS¢QTRF » XRUSUs XRUSD
C  VALVE

STVF1=(VELAXTORQ*ANUMV ) %% ,5/PRES ¥ %+ 75
STVF2z1.+3.E~4%PRES |
STVFX=2427*%STVF1+1482% (STUF1*STVF2) %% .5+ 4 382%STVF L %%+ 5
STVFJZ.368*STVFL - ‘
STVFI=.368*STVF2*STVF1+.079% (STVF2XSTVF1) %%, 5
STVFVZ.111*STVF1
OWTS . 14U (STVFI#*%2,=STVFJ* %24 ) *STVFX+ 4 124% (STVFU*%24 ) *STVFX
14 (5,37E=8% (STVFJ**l4 4 ) % (PRES*¥2,) /STUFV) +( 3, 51E=6% (STVFU**3, ) *
2 (PRES*%145))+3, 07E=8% (STUFU*%3, ) *PRES*%145
USTVFA =(,00308%( (VELA*TORQ*ANUMV) *%1.5)/ (PRES**1,75) )+ (L +54/
L(STVF1*PRES**45))

STVBA =1.54/ (STVFU*PRES*#*,5)

STRRG=2,*STVFA +(4,7E~5/STVFV) +(5,64E=5/STVFV)

STRRC=STVFA +¢1*STVBA +(4,7E-6/STVFV)+(5.62E=6/STVFV)
STRRS=,1*STVFA +(4,7E=6/STVFV)
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STRRF = STRRS N ‘
STVBX=«00036*%PRES*STVFJ**2,/STVEV .
OWT=WT+4.29E-4*STVBX*PRES*STVFJ**Z.+1.237*STVFJ**3.

1+ (4 . BUE=S*PRES*STYFX*STVF I %%24 ) +422+7+ 35E=5%PRES
STRRG:STRRG+.00462*STVBX*STVFJ**2.+(.0286/(STVBX*PRES*STVFJ**Z.))
STVUA =4.85/(PRES*STVFX*STVFI*%2,)%%,333

CALL 0SuB (1.005*STVFIvPR5512'1.vRWToRFRGpRFRCvRFRSoRFRF)
WTSWT+RWT

STRRG=STRRG++0007+STVUA +RFRG+(3+33E=5%PRES+.02) .
STRRC=STRRC+RFRC+.00046*STVBX#STVFJ*%2.+4 1 *STVUA ++.064+6.7E=6%PRES
STRRS:STRRS+RFRS+(2.SE-u*sTVBx*STVFJ**a.)+.1*STVUA .
STRRF=STRRF+RFRF++00046*STVBX*STVFJ**2,+.01*STVUA

CALL OSUB(l-ZB*STVFIrPRESoSvl.vRWToRFRGrRFRC'RFRS'RFRF) _
WT=WT+RWT T
STRRG=STRRG+RFRG

STRRC=STRRC+RFRC

STRRS=STRRS+RFRS

STRRF=STRRF+RFRF o

CALL OSUB(1.005*%STVFI+PRES»5¢1.»RWT»RFRG?RFRC+RFRS»RFRF)
WT=WT+11,%RWT

STRRG=STRRG+6+ xRFRG

STRRC=STRRC+6+*RFRC

STRSP =STRRS+2,*RFRS

STRSS =STRRS+4,*RFRS+,0061

STRFP =STRRF+2,*RFRF '

STRFS =STRRF+4,*RFRF+,0061

CALL OSUB(1,005%STVFIv»401%PRESs»5¢1++/RWT+RFRG?RFRC»RFRS»RFRF)
STRRG=STRRG+5,*RFRG -

STRRC=STRRC+5,*RFRC

STRSP =STRSP +2,*RFRS -~ : .
STRSS =STRSS +3.*RFRS : |

STRFP =STRFP +2*RFRF ‘ I

STRFS =STRFS +3.*RFRF

CALL 0SUB(+3125+/PRES»241¢+»RWT»RFRG?RFRC*RFRS»RFRF)
STRRG=STRRG+RFRG ~
STRRC=STRRC+RFRC

STRSP =STRSP +RFRS

STRSV =.1%xSTVFA

STRFV = STRSV

"STRFP =STRFP +RFRF

QTG=CG*STRRG

QTC=CC*STRRC

QTFS=CSB*STRSV

QTEPS =,75*CSB*STRSP

QTESS =.75*%CSB*STRSS

QTIPS =.25*%CSB*xSTRSP

QTISS =.25*%CSB*STRSS

QTFF=STRFV '

QTERF =,75*STRFP

QTESF =.75%STRFS

QTIPF =,25*STRFP

QTISF =.25*%STRFS '
OSTCSU:1090.+(400.78+2.293*FLOR-4.875E+14/(FLOR*.25975+133.2)**
15,5629) *AAALS+1U0,+4 ,6%WT %% 5

STCSD=11000.*STV1+15230.%5TV2

WRITE (3+920) wT,QTGrQTCrQTFSYQTEPS»QTESS,)QTIPS»QTISSQTFF»QTERPF
1 JQTESF+QTIPF,QTISF+STCSDeSTCSU :

C TUBING

FLOW=ACTQM
TMT2U=((1,02E~3%FLOW* (4 794%TMTL1+TMTL2) )/ (+ 1%¥PRES) ) %%, 25

L i L 2

1 ﬁiiii



901

902

903
904

911
912

913
914

"
™~
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TMT1J=TMT2J% (ANUMB** . 333 ) o - ’ . -
TMT2I=TMT2U*((140+6.83E=5%PRES)/ (1,0~6,83E=5%PRES) ) %%, 5
TMTlI:TMTld*((1.0+6.83E-5*PRES)/(1.0-6.83E°5*PRES))**.5‘
TMT2T=(TMT2I-TMT2J) /2.0 :
TMT1T=(TMT1I=TMT1J) /2.0
M=1
N=1
DO 901 N=1r14,1
IF (TMT2I-TUBE(M/N))902,902+901}

CONTINUE ’

TMT2I=TUBE (M/N)

WTF2=FIT(N)

DO 9U3 M=219,1 :

IF (TMT2T~-TUBE (MeN))9049904,903
CONTINUE '

TMT2T=TUBE (MsN)

M=1

N=1 .

DO 911 N=1r14,1

IF (TMT1I-TUBE(M/N))9121912+911
CONTINUE

TMTLI=TUBE (MeN)

WTF1=FIT(N)

DO 913 M=2¢9,1

IF (TMT1T=-TUBE(M/N))914,914,913
CONTINUE

TMT1T=TUBE (MsN)
TMT2U=TMT21=2,0%TMT2T
TMT1U=TMT1I-2,0%TMTLT
FVOL=785% (TMTLL* (TMT1U%%2,0) 42, 0xTMTL2* (TMT2U%%2,0) )

1+.785% (TMTL3* (TMT1J%*2,0) ) f

QLTGL=CG*((2+8E=6)*TMT1I) /TMT1T /
QLTG2=CG*((2.8E-6)*TMT21) /TMT2T
UBTG1=CG*(1.0U5E=6)/ (TMTLT%TMT1I)
QBTGR2=C6*(1+05€=6)/ (TMT2T%TMT2]) ,
QFG1=2e%CG* (s 06*TMTLI+1 44 7E=3/ (TMTLI*TMTLIT))
WFG2=2+ %CG* (s 06*TMT2I41.47E=3/ (TMT2I%*TMT2T) )
QLAG=TA*QLTG1+QFG1 ' -
QLBG=TB*QLTG1+2,.*QFG1
QLCG=TC*QLTGL+QFG1
QLDG=TD*QLTG1+QFG1
QLEG=TE*QLTG2+aF62
QBAG=TA*QBRTGLl+0FG1
QBBG=TB*0BTG1+2,*QFG1
QBCG=TC*QBTG1+QFG1
OBDG=TD*QBTG1+QFG1
QBEG=TE*QBTG2+QF G2
QTAA=CAG* (QLAG+QBAG)
- QTBA=CAG* (QLBG+QBBG)
QTCA=CAG* (QLCG+QBCG)
QTDA=CAG* (QLDG+QBDG)
QTEASCAG* (QLEG+QBEG)
QLAC=(CC/CG) *QLAG

QLBC=(CC/CG) *aLBG

QLCC=(CC/CG) *QLCG ,
QLDC=(CC/CG) *aLDG .
QLEC=(CC/CG) *QLEG a
QBAC=(CC/CG) *QBAG
QBBC=(CC/CG) *QRBBG .

@BCC=(CC/CG) *aBCG |



QBDC=(CC/CG) *QBDG -
QBEC=(CC/CG) *QBEG
QTAB=CAC*(QLAC+Q@BAC)
QTBB=CAC* (QLBC+Q@BBC) L _ o
QTCB=CAC*(QLCC+QBCC) '
QTOB=CAC* (QLDC+Q@BDC)
QTEB=CAC* (QLEC+QBEC)
- QTAC=CAS*(CSD/CG) *QLAG
. QTBC=CAS*(CSD/CG)*QLBG )
T QTCC=CAS*(CSD/CG)*QLCG
QTDC=CAS*(CSD/CG) *xQLDG
QTEC=CAS*(CSD/CG) *QLEG ‘
QTAD =CAF*xQLAG/CG )
QTDD =CAF*QLDG/CG
QTED =CAF*QLEG/CG
QTBD =CAF*QLBG/CG
QTCD =CAF*QLCG/CG
WT1=.894% (TMTIT*TMTLIJ+TMT1T*%x2,)
WF1=2.,*WTF1
FVWT1:00239*TMT1J**200
WASTA*(FYWT1+WwT1) +WF1
WB=TB*{(FVWT1+WT1)+WF1
WCETC*x (FVWTI+WT1)+WF1
WOSTD* (FVWT1+WT1)+WF1
wE:(.894*(TMT2T*TMT2J+TMT2T**2.)+.245*TMT2J**2.)*TE+2.*WTF2
DO 702 N=1r1101
IF (TMT1T=T1(N))T701,701,702
702 CONTINUE
701 TCON1=T2(N)
DO 704 N=1r1l1,1 ,
IF (TMT2T=T1(N))703+703»704 : ;
704 CONTINUE |
703 TCON2=T2(N) .
TUCD!L :(Q50.+12.50*TMTL1)*XXXXZ
TUCD2 =(450.+12,50*%TMTL2) xXXXX2
TUCD3 =(4504+12,50*%TMTLL/4,) % XXXX2
TUCU1 (.8992*(TMT11)**1.09885+.482)*TMTL1*TC0N1
TUCU2 (¢8992% (TMT21) *%1,09885+.482) *TMTL2%TCON2
TUCU3 =(.8992*(TMTlI)**1.09885+.482)*TMTL1/4.*TCONr
QPORT=TMT1I* (ANUMB*QQRQQ3/2.:0) **0.,5
QDWGW:I.84E—6*PRES**2-O*TMTII**Bo0*(ANUMB*0QQQ3/2.0)**1.5
CALL OSUB(QPORTrPRESv3o0.pRWToRFRGrRFRCvRFRSoRFRF)
QDWGA =RFRG+.,02
CALL OSUB(l.l*QPORT'PRESoS'O.rRWT'RFRG.RFRC:RFRSoRFRF)
QDWGA =QDWGA +RFRG
CALL OSUB(l.l*QPORTv“0.97|0.vRWT!RFRG'RFRC'RFRSORFRF)
QDWGA =QDWGA +RFRG _
CALL OSUB(l.SS*QPORTruo.v3-0.rRWT.RFRG.RFRC:RFRS:RFRF)
QDWGA =WDWGA +RFRG ,
CALL OSUB(1+35%QPORT»40+¢5+04 + RWT»RFRG»RFRC»RFRS?»RERF)
QDWGA =QDWGA +RFRG
QDWGHB =GDWGA *,01
QDWGC =0DWGA x*,001
QDWGDL =QDWGC .
QDC U:(68.55*(TMTII*(GQQQB¥ANUMB/2o0)**.5)**2.26286+832.53)
abDC D:(20000.+10.*QDCSU)*0@001+42000.*QQO@2 '

L ODWGA =CG*xQDWGA

QDWGb =CCxQDWGH o

Wg QDWGC =CSB*QDWGC

,E<,EWRITE(3'920) WA»WBrWCrWDrWE/QTAA»QTBAYQTCA»QTDA'QTEAYQTAB,QTBB,
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IQTCBvQTDBvQTEBvQTACoQTBCvQTCCoQTDCOQTECOQTADOQTBDfQTCD'QTDDvGTEDr
2 TUCDIrTUCDZ'TUCDB'TUCUl'TUCUZ'TUCU31@DWGW'QDWGAOQDWGB'QDWGCDQDWGD
3 +QDCSDr@DCSU .
WRITE (7=IREC7) TRWTvQTRG'GTRC:QTRSOQTRF'XRUSUOXRUSDU
1 WT'QTGrQTCvGTFS'QTEPS'QTESSvQTIPSOQTISSvQTFFvQTEPF
2 1QTESFrQTIPF(QTISF+»STCSDISTCSU
WRITE(7=IREC7) WA'WB!WC'WD!WEOQTAAIQTBA'QTCAOQTDA!QTEA!QTAB'QTBBa
lQTCBrQTDBoQTEBnQTACvQTBC'GTCCrQTDC'QTECvQTADvQTBD'QTCDpQTDDoQTEDo _
2 TUCDL,TUCD2,TUCD3» TUCUL TUCU2, TUCU3»QDWGW » QDWGA » QDWGB » QDWGC »QDWGD
S »QDCSD»uDCSU
WRITE (5=ITRAS) PRES:AMOM-ACTQAoACTQMvACTIM#ACVOL:FVOLrTMTlI
IF (AMAX=AMOM)10+,10,11
10 IF (PREM=PRES)12:12/,11
12 CONTINUE
CALL LIWNK (PUMPL)
END
// DUP
*STORE WS UA TRUSS
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@ | STORED PROGRAM 5

C FIXED ANGLE PUMP 1 ' ' '

DIMENSION BRI(5022)BTI(5,18)sBTII(4s18)

DEFINE FILE 1(5002900UaIDATA)02(100'150rUOITRA2)
DEFINE FILE 3(150+1500UsITRA3) ,4(150,40,U, ITRAG)
DEFINE FILE 5(150+40+UsITRAS) +6(50+150,Ur IREC6)
DEFINE FILE 7(1000150+UrIREC7),8(5091500,U, IRECS)
DEFINE FILE 9(50+¢1500U,IREC9)+10(50+150+Uy IRE10)
DEFINE FILE 11(50,150,UsIRELY)

920 FORMAT (2X¢7E13.5)
1002 FORMAT (2Xr20H FIXED ANGLE PUMP 1)

WRITE (3,1002) .

. IDATA =6

ITRAS=1

ITRA4=4]

READ (1-IDATA) AMAX+PREM,ANUMB»PPPP1sANGL1+PUMS1s ( (BRI (MsN) » M=
1 1/5)rN=1022)

READ (1=IDATA) ((BTI(MsN)»M=1¢5)¢N=1,18)

READ (1=IDATA) ((BTIT(My)N) rM=1r4)rN=1s18)
PUMS=PUMS1

ANGL=ANGL 1

TANA=SIN (ANGL)/COS (ANGL)

11 CONTINUE )

® READ  (5=1TRAS) PRES»AMOM,ACTQA+ACTAMsACTIMsACVOLFVOL S TMTLI
FLOW=ANUMB*ACTQA*PPPPL |
PAPW1=1.0 z |

1020PAPWP=(((8e49E=3* (PAPW1%*%2,) )/ (7+08=5,3E=5%PRES) ) +( (4 . 88E~6%
1PRES)/ (PUMS*TANA *(2,98+2,44E=4*PRES) *(7+08=5.3E=5%PRES) ) ) + (FLOW
2/ (PUMS*TANA *(2498+244E~4*PRES) *(7.08=5¢3E~5%PRES) ) ) +( (1. 24E=4%
SPRES*PAPW1)/ (PUMS*TANA *(7.08=543E=5%PRES))) ) %*.333
IF (ABS (PAPWP=PAPW1)=1.,0FE=5*PAPWP)100,100,101
101 PAPW1=(PAPWP+PAPW1)/2,
GO TO 102
100 PAPWI=PAPWP*(3,98+4 ,14E~4xPRES)
PAPEW=4181*(PAPWP**3,0)
PAPWJ=PAPWP*(2,98+2,44F =4 xPRES)
PAPWK=PAPWP*(1,98+7.4E=5%PRES) .
OPAPEA =(5.25E=7*PAPEW* (PAPWJ*%24 ) % (PUMS**2, ) *PRES*TANA*
1(2,98+244E=4%PRES) )/ (FLOW*PAPWP)
PAPWX = 2,71*%TANA*PAPWJ
PAPDX=1+51*TANA*PAPWJ
PAPC1=4122*%PAPWP* ((2.98+2,44E-4*PRES) *TANA*PRES ) *% ¢ 333
PAPCI=PAPC1+,20
PAPFI=1.26*%PAPWP
PAPT1=PAPCJ+PAPFI+1,7E~4*PAPWP*PRES
DO 108 N=1122s1
IF (PAPT1=BRI(1¢N))107+107/108
108 CONTINUE '
- 107 PAPTK=BRI(2¢N)
' PAPTI=BRI(3/N)
PAPTY=BRI(4sN)
PAPTW=BRI(S/N)
DO 109 L=1,18/1 .
IF (PAPCI-BTI(1eL))1100110,109
109 CONTINUE ‘



110

111

112
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PAPGK=BTI(2/L)

PAPGI=BTI(3,L)

PAPGY=BTI(4sL)

PAPGW=BTI(5/L)

DO 111 J=1+18+1 ,

IF (PAPCI-BTII(I;J))112;112:111

CONTINUE

PAPUI=BTII(2/,J)

PAPUY=BTII(3rJ)

PAPUW=BTII(40J) . ‘

PAPCZ=2,05%PAPWK - '
PAPCX:l.135*(PAPCZ+1.35*PAPC1-(PAPTY+.050))+.33
0PAPCW=.224*((PAPTY*.OS)*(PAPTK**2.0)+PAPCX*(PAPGK**Z.O)-9.0*
1(PAPFI**Z.O)*(PAPTY+.05)-2.05*(PAPwK**s.O)-
2(PAPCI*%2,0)*(1+35%PAPC1+,33)) _

OWT= 9.*PAPEW+(.863*PAPWP**3.*(.249+2.74E-5*PRES*TANA*(2.98+
12 H4E-U4*PRES) ) ) +1,656% (PAPTY+405) % (PAPFI*%2, ) =(  55%PAPWP*%3. )
2+PAPCW+PAPUW+PAPTW+PAPGHW

0QPAA=9.098*PAPEA +((1498E~5%PRES) /PAPWU) + (. 00163/PAPWP*%2,) +
1(e331%((PUMS/604)%%.333))+(,0081/PAPWP*%2,)

UQPBA1=4925%PAPEA +( ,49SE~5*PRES/PAPWJ) +(1,63E=4/PAPWP*%2,)+(
1.0331%((PUMS/60¢)%%¢333))+(841E=4/PAPWP**2,)

QPEAZ2=.21*%PAPEA +(6.E=~6*PRES/PAPWY)

QPFAZ 4, 05*%PAPEA +(1.E=6%PRES/PAPWJ)

0QPJA=, U5*%PAPEA +<1-E-6*PRES/PAPWJ)+(1.6SE-5/PAPWP**2.)+(.0165*(
1(PUMS/60.)**.333))+(8.1E-5/PAPWP**2.)

OQPIAZ=.725%PAPEA +(1.E=6*%PRES/PAPWJ) + (1+.63E=4/PAPWP*%2,) + (0331
1% ((PUMS/604) %% 4333) ) +(2.43E=3/PAPWP*%2, ) . .
WRITE (30920) PRES» AMOM, FLOW » PUMS » PAPWK » PAPWP ¢ PAPTI + PAPDX» PAPCZ,
1 PAPCL/PAPWX+PAPGI»PAPUI s PAPWJ»PAPWI » PAPUY » PAPTY » TANA
2 'WTrGPEA2QPFA*QPIA2,QPJA1QPAA»QPBAL ;
S +ACTOA»ACTAM,ACTIM»ACVOLPFVOL»TMT1I ,

WRITE (4-1TRAY4) PRES!AMOMoFLOW'PUMS'PAPWKOPAPWP'PAPTI'PAPDXDPAPCZo

~.

1 PAPCLl/PAPWX»PAPGI+PAPUL ,PAPWJ'PAPWI »PAPUY» PAPTY, TANA

10
12

// DUP
*STORE WS UA pumMpPl

2 +WT+QPEA2/QPFAYGPIA2+QPJUAQPAAYQPBAL
3  +ACTQA»ACTGMs ACTIMIACVOL'FVOL»TMTLI
IF (AMAX=AMOM)10,10,11

IF (PREM=PRES)12r12/,11

CONTINUE

CALL LINK (PUMP2)

END



STORED PROGRAM 6

C FIXED ANGLE PUMP 2

920
1003

11

DEFINE FILE 1(500290/UsIDATA)»2(100+150+U,ITRA2)
DEFINE FILE 3(15001500UrITRA3) »4(150+400U, ITRAGL)
DEFINE FILE 5(150,40+/UsITRAS) »6(50¢150,Ur IREC6)
DEFINE FILE 7(100+150+UsIREC7),»8(50+1500U, IRECS)
DEFINE FILE 9(500150+/UyIREC9)»10(50+150+U, IRE10)
DEFINE FILE 11(50+150,UrIRE1L)

IDATA = 9
ITRA4 = 431
ITRAS = 4}
IREC8 = 1

FORMAT (2X07E13.5)

FORMAT (2X9220H FIXED ANGLE PUMP 2)

WRITE (3,1003)

READ (1=IDATA) AMAX:PREM'PPPPZoPPPPS:SS:TOILW-CG:CC-CSB
CONTINUE

READ (4=ITRAH4) PRESrAMOMoFLOW'PUMSoPAPWK'PAPWPoPAPTIoPAPDx'PAPCZv
1 PAPClvPAPWXoPAPGIvPAPUI'PAPWJvPAPWIvPAPUYoPAPTY'TANA
2 vWT:QPEAZrQPFAvQPIAZ;QPJA:QPAA-QPBAI
3 +ACTQA+ACTAM)ACTIMIACVOL $FVOL» TMT1I

- PAPKIZ=+0018%( (FLOW*PRES/PUMS) *x%¢333) ;
PAPNI=.81%PAPWK

PAPIK=,68%PAPWK

PAPIY=,5%PAPWK i

PAPHI=214*%PAPWK j
PAPMI=.0032%( ( (FLOW*PRES) / (PUMS*PAPKI) ) *%(0,.5)
PAPQI=1.32E-2*PAPWP* (PRESx*,5)

PAPSI=PAP@I+,125

PAVII=1.65*%PAPSI

PAHII=PAPTI+.12 )

OViT=WT+ _ (e 276%PAPDXXPAPKI*%2, )+ (2 4= %
1FLOW*PRES/PUMS)+.0146*PAPWK**3.+-0715*(PAPWK**Z.)*PAPCZ~.069*(
2PAPHI**2.)*PAPWK+1.36*(1-57*(PAPNI**2.)*PAPIY-PAPNI*PAPKI*PAPIY
3=1e57* (PAPMIX%2,)% (PAPNI=PAPKI))

PAPCA =.0123/PAPC1
QPAA=QPAA+(8.4E~4/PAPWK)+.012+(.2/((FLOW*PRES/PUMS)**.333))+PAPCA
DUM1= 1*PAPCA + ,02/(FLOW*PRES/PUMS)%%,33

QPBAL = QPBA1l +DUM1 + ,0012

QPIA2 = QPIA2 +3,%xDUM1 +,0004

QPJA = QPJUA +.1*%DUML + J4E~4

PAFCI=PAPCI+,42

PAFPI=PAFCI+.04 ,

PAFPK=1+¢24*%PAPCI+9+92E=2

PAFPX=,216* (PAPCI%%,5)

PAFP2=¢393*% (PAPCI%x*,5)

PAFYI=PAFPI+,05" )
OWT=WT+(PAPIY*(.062*PAPWK**2.+.osu*PAPCZ*PAPIK))+.042*PAPIK**4.+
12.62E-4*PAPWK+.0113*PAPWK**2.*(2.21*PAPWX+1.)+.015*PAPWX*PAPWK**

22,43, 464PAPQL* %34 +e 010k (PAPWX*%34)+¢216% (PAPQI*X2, )+, 0148+ \

3PAPQI-.048*PAPWX*(PAPQI**Z-)+.872*PAPQI**3.*o155*PAPSI**3.

CALL OSUB(PAVII»+0133%PRES15¢0.+RWT+RFRG?RFRC»RFRS»RFRF)
OQPAA=QPAA+RFRG+(3.65E-4/PAPQI**2.)+(.036/PAPWX)+(.53/(PAPWP*PRES*
1%¥:5) )+ (0 0014%PUMS/PAPWK ) + (« 0053/PAPWK ) +. 1038



]

-
~ 4

c-50
OQPBA1=GPBA1+RFRC+(3.65E-6/PAPQI**2.)+(.0036/PAPWX)+(.053/(PAPWP*
1PRES**45) )+ (+00014*%PUMS/PAPWK) + (64 12E~4/PAPWK) +,00975

QPBA2=RFRC+(3.6E=6/PAPQI*%2,)+,00343

QPCA2=RFRS+.00638

QPCA3=RFRS+3+.5E=5

QPDA2=RFRF+3+.5E=5
00P1A2=GPIA2+(.0036/PAPWX)+(.053/(PAPWP*PRES**.5))+(1.ue-u*PUM3;.
1PAPWK) +(6,96E-4/PAPWK) +,0005 ‘ . -
onJA:QPJA+(3.65-4/PAPWX)+(.0053/(PAPWP*PRES**o5))+(1.4E-5*PUMS/
1PAPWK) +(6.9E=5/PAPWK)+,00014 A
0wT=WT+RWT+4.2BE-3*(PAPCI**a.)+5.26E-4*pAPcI+3.9E-6+7.6BE-3*
1(.366*(PAPTI**2-)+o0878*PAPTI+5-26E-3)+30117*PAPGI**2.-5.16€-3
2*PAPGI*PAPUL=6,S54E=3*PAPUT %2,

CALL OSUB(PAPCI¢«0133%PRES»5+0,+RWT+RFRG?»RFRC +RFRSsRFRF)

QPAA=QPAA+RFRG++ 4345%PAPCI+,168

WPBA1=QPBAL+RFRC+,04345%PAPCI+ ,0017

QPBA2=(UPBA2+RFRC+,004345%pPAPCI+.0017

GPCA2=QPCA2+RFRS+,1303%PAPCI+,05

QPCA3=QPCA3+RFRS+.004345%pAPCI+.0017

QPDAR=QPDAR+RFRF+,004345%pAPCI+.0017

WT=WT+RWT+-0696*(PAPCI**Z.)+.0146*PAPCI+-OllS*PAPCI**.S*PAFPI**Z.

CALL OSUB(PAFPK*«0133%PRES+5¢0,+RWT»RFRG?RFRCs»RFRS»RFRF)
OWTZWT+RWT+.013*PAFPA*PAFYI+9.8E-4*PAFPK+2.29E-3*PAFPK+.0013*
1PAPCI+.OU46*PAPCI+-01352+.023*PAFYI*PAFPX+(.0346*PAFYI**2.+-18*
2PAFYI+,0351)*(PAFP2+.07)+,0216%PAFY]

QPAA=QPAA+RFRG+4+0139% (PAPCI+.51)

QPBA1=QPBA1+RFRC+,00139%(PAPCI+.51)

QPBA2=QPBA2+RFRC+1 ¢ 39E=4* (PAPCI+,51)

QPCA2=QPCA2+KFRS+.00139%(PAPCI+4+51)

QPCA3=GPCA3+RFRS

QPDA2=GPDA2+RFRF ;

CALL OSUB(PAFYI+.1¢.0133%PRESr690,+RWT)RFRGsRFRCsRFRSsRFRF)

WTSWT+RWT+.,0066

QPAA=GPAA+RFRG

GPBA1=GPBAl+RFRC

QPBA2=QPBA2+RFRC

QPCA2=QPCA2+RFRS

QPCA3=QPCA3+RFRS

QPDA2=QPDA2+RFRF

PAFMI=.3125
PAFKI=1.36%PAPGI

PARDI=2.0%PAPWJ

PARGK=1.08*PARDI

PARGI=PARGK*(1,0+109E=4*pPRES)

PARAX=¢19%PAPW] (

PARMI=9,25E=3* ( (FLOW* (PRES**0,5) ) **¥0,5)

CALL OSUB(PAFMI»+0133%PRES+6+0,+RWT+RFRGIRFRCIRFRSIRFRF)
owT=w7+Rwr+.027s*pAPGI**3.+.177*PAPU1**2.*(PAPUY+.51*PAPCI)+.01u2
1¥PAPTY* (PAPT %424 )+ e 346%PAPWJ**2 4=+ S06%PAPWJ*PAPWP

QPAA=QPAA+RFRG+ (¢ 049/PAHII) +(,053/PAPUI) +(,155/PAPWJ*%2, )

QPBA1=QPBA1+RFRC+(+0049/PAHII) +(40053/PAPUT) +(,0155/PAPWJ%*2, )

QPBAZ2=WPBA2+RFRC+ (+U049/PAHII) +(+0053/PAPUT)

QPCA2=QPCA2+RFRS+(+0049/PAHII) +(,0053/PAPUI)+(,04/PAPWJ*%2, )

QPCA3S=GPCA3+RFRS+ (4,E=5/PAHII) +(4,2E=5/PAPUI)

QPDA2=QPDA2+RFRF+ (4 ,E=5/PAHII) + (4,2E=5/PAPUI)

FIXED ANGLE PUMP 3

CALL OSUB(PAHII» «0133*%PRESr6¢1, rRWT+RFRG*RFRC»RFRS»RFRF)
0WT=WT+RWT+0092*(PARGI**Z.)?o0722*(PARGK**2.)+6.4E-Q*PARDI**2-+
1-0453*PAPWI*(PARGI**2.)--0398*PAPWI**3.+-705*PARMI**3.

QPAA=QPAA+RFRG+(+364/PARDI) +,0693



C-51
QPJA=QPJA+(.007/PAPWJ**2,)+(,018/PARDI) >
QPIA2=QPIA2+(,002/PAPWJ**2,)+(,046/PARDI)
QPEA2=QPEA2+(,004/PAPWJ**2,)+,002
QPFA=QPFA+(+0015/PAPWJ*%2,)+,0002.
GPBA1=GPBAl+RFRC+(+0364/PARDI) +.00693
QPBA2=QPBA2+RFRC+6,93E~4 :
QPCA2=QPCA2+RFRS+(+1/PARDI)+,00493
QPCA3=QPCA3+RFRS+,000293
QPDA2=QPDA2+RFRF+,000293

- PACLP=(+.462%PARDI)/ (PRES*%.25)

251

PACLK=S5*(1.333*%PACLP) )
PACBX=18,0*%PACLK .

PACBI=4,66*PACLK

PARJUK=1,7%PAPWY

PARJI= . 0935% (PARJK** . 667)

PACMK=1409% ((FLOW**45) / (PRES*%,25) )

CALL OSUB (PARMI +PRES*,0133¢610,¢+RWT+RFRG?RFRC+RFRS+RFRF)
WT=WT+RWT+22.S*PACLP**S.*sS+SS*.885*PACLK**3.+SS*72.*PACLK**3.
QPAA=0PAA+RFRG+(SS*S.BE-S*PRES**o5/PACLP**2.)+SS*.21
QPBA1=QPBAL1+RFRC+S5% 421+ (S5%5, 8E=~6¥PRES** . 5/PACLP**2, )
QPBA2=GPBA2+RFRC+S5%,002 ' ]
QPCA2=QPCA2+RFRS+S5% ¢ 0033+ (S5%2,9E~6%PRES**+ 5/PACLP**2, )
QPCAJ3=QPCA3+RFRS+S5%,0011

GPDAZ=QPDA2+RFRF+S5%,0021
QPIA2=QPIA2+S5%+003+(S5*3, 2E~6%PRES** ¢« 5/PACLP*%2, )
QPJA=@PJA+(55*2.9E-6*PRES**.S/PACLP**Q.)

CALL OSUB(EARGK+.1'PRESr6.0.oRWT:RFRGoRFRC:RFRSrRFRF)

0WT=WT+3.*RWT+.0139*(PARJK**2.334)+.0924*(PARGI**a.-1o13*PAPW1**
12.)*(PAPWX+PAPDX-PARAX)+.266*PAPTY*((PAFKI**Z.)-(PAHII**Z.))+(
2¢0166%PARGI**2,=40039%PAPYWJ**2, ) *PARJI+¢ 115%PACBX*PACBI %%2 ¢ £S5+
3e134*%PARGI* (FLOW/PRES*%¢5) +.43%PACMK*%3, :
OQPAA=QPAA+RFRG*34+ (4 0124/PARJI**2,)+(4122/PAPWI) +(+068/PACMK)
1+,008/PAPWJ
OQPBA1=GPBAL1+3.*RFRC+(,0012/PARJUI*%2,)+(,0122/PAPWI)+(.00843/
1PACMK) +8.E~4/PAPWK

OPBAZ:@PBA2+3.*RFRC+(.0122/PAPWI)+(.DOQSB/PACMK)+8.E-4/PAPWK
GPIAZ:QPIA2+(.00124/PARJI**2.)+(.0015/PACMK)+(3.5E-#/PAPWK)
QPCA3=QPCA3+3.*RFRS+(.00122/PAPWIY+(.001128/PACMK)+8.E-S/PAPWJ
QPDAZZQPDA2+3.*RFRF+(.00122/PAPWI)+(.001128/PACMK)+8.E-S/PAPWJ
QPJA=GPJA+(.00124/PARJI**2.)+(1.5E-4/PACMK)+(3.5E-5/PAPWK)
QPGA3=,007/PACMK

QPHA2=.007/PACMK

CALL OSUB (PACMK *PRES»5+ 1+ »RWT»RFRG*RFRC ¢ RFRS ¢ RFRF)
QPAA=(QPAA+RFRG) *CG

QPBAl1=(QPBA1+RFRC) *CC

UPBAR=(QPBA2+RFRC) *CC

QPCAZ2=(QPCA2+RFRS) *CSB

QPCA3=(QPCA3+RFRS) *CSB

QPEA2=CSB*xQPEA2

QPTA2=CSB*QP1IA2

QPGA3=CSBx*xQPGA3

QPDA2=(QPDA2+RFRF)
PADS:PAPWP**S.U*TANA*(21.05+(1.72E'3*PRES))

PADS1=23.4%PADS . ’
PUNTI=WT+TOILW*PADS1+RWT

PALF=10425+0/PUMS

IF (PALS=1.4) 251,252,252

510:000

GO0 TO 253

252 S10=1.0



C=52

2530PFAVU=SS*(1;0—SIO)*(160.85*(PA§S+.054)**1.582+1494o44)4$5*510*(

1471.38+612.SltpADS+154.43/PADS**3.0+400.)+(1.0-SS)*(1.0-510)*
2128.68*((PADS+.054)**1.582+875.55+380.0)+(1,0-55)*510*(377-10+
3490.10*PADS+123.Su/PADs**3.0+380.0)+1uo.+u.6*PUWT1**.5
OPFAVD=55*((85000.0+18;*PFAVU)*PPPP2+93000.0*PPPP3)+(1.0-55)*((
165000.0+1840%PFAVU) *PPPP24 74460 . 0xPPPP3)
PFAVT:QB.0*PPPP2+19.0*PPPP3+SS*(6.0*PPPP2+4.0*PPPP3)

PAOP=0.0 ;

PFAFL=PFAVD

PFAFT=PFAVT

PFAFU=PFAVU . :

WRITE (3.920)PUWT1oQPAA-QPBAl.QPBAZ.QPCAZ.GPCA3:QPEA2'

1 GPIAZ-QPDAZ:QPFA;QPHAZ'QPdAoPALF'PFAFU@PFAFDvPFAFToQPGAB
WRITE (8-]IRECS8) PUWTIoQPAAvQPBAl'QPBAZpGPCAZ'QPCA3oQPEA29
1 QPIAZ'QPDAZvQPFA.QPHAaoQPdAoPALF:PFAFUyPFAFDvPFAFT;QPGA3
WRITE (5=-ITRAD) ACTGA!PADSI'AMOM'PRESOACVOL!FVOL.ACTQM!ACTIM!TMTII
IF (AMAX=AMOM) 10,100,121

10 IF (PREM=PRES)12r12,11
12 CONTINUE

CALL LINK (WPUMP)
END

// DUP
*STORE WS UA PUMP2



- . (=53
' C STORED PROGRAM 7

C WOBBLE PLATE PUMP 1 o
DEFINE FILE 1(500290¢0UsIDATA)»2(10001500U,ITRA2)
DEFINE FILE 3(150,150¢UrITRA3) 4(150040+U, ITRAY)
DEFINE FILE 5(150+40+/U»ITRAS) +»6(50+150,U» IREC6)
DEFINE FILE 7(100,1500UsIREC7)+8(509150+U, IRECS)
DEFINE FILE 9(50+150+UyIRECY)+10(50+1500U,IRELD)
DEFINE FILE 11(50,150,UsIRE11)
920 FORMAT (2X¢7E13,.5) .

1002 FORMAT (2Xr20H WOBBLE PLATE )
WRITE (3,1002)
IDATA = 10
ITRA4 = 81
ITRAS = 43 N
IREC9 =1

READ (1-IDATA) AMAXoPREMoANUMBvPPPPQoPPPPSvPPPP9|ANGL20PUMSZ'S60
1 TOILWeiCCrCGICSA :
PUMS=PUMS2
ANGL=ANGLZ2 .
TANA=SIN (ANGL)/COS (ANGL)

11 CONTINUE
READ (5=ITRAS) ACTQA'PADSl'AMOM'PRESOACVOL!FVOL'ACTQM'ACTIM'TMTII
FLOW=ANUMB*ACTQA*PPPP9 '

, PWBB1=0,1 .
‘ S030PWB3P=( (FLOW/ (PUMS*TANA* (20,5=1 4 92E=4*PRES) ) ) =( ( (PWBB1*%x2,)%(3,58
: 1-3.u6E-5*PRES))/(20.5-1.92E-4*PRES))+((uoqu+3*PWB81)/(20.5-1.92
2E-4*PRES))+((1.64E-5*PRES*PWB81)/((1.45*PWB81+.26)*(TANA**Z.O)*
SPUMS*(20+5=1¢92E=4*PRES) ) ) ) %%, 333
IF (ABS (PWBBP-PWBBI)-l.E-S*PWBBP)50195010502
502 PWBB1=(PWBBP+PWBB1)/2.0
GO TO 503
501 PWBB1=PWBBP*(3,9842.46E=4xPRES)+.523
PWBBK=.84%PWBBP
PWBBX=5.57*TANA* (2« 9%PWBBP+,523)
PWBBJ=2 .+ 9%PWBBP+.523
OWT=4199% (((PWBBI*24)=¢76% (PUBBP**2,) ) *PWBBX=(95,5% (PWBBP*%x3, )
1-13.5*(PWBBP**2.)-3.08*PWBBP+.438)*TANA-9.0*PWBBX*(PWBBP**Z.))
PWBBA =(1.74E~5%*PWBBP*TANA*(PRES**2,) ) /FLOW '
PWPEI=1.535E=2%xPWBBP*PRES**:5
PWPEA =(1.42E~4%PUMS/PWBBP) .
OWT=WT+8455E=6% (PWBBP**34) % (PRES**1,5) +(1.58%PWBBX* (PWBBP*%2, )+
12.23*(PWPEI**3.))+56*9.*(TANA*(-206*(PWBBP**3.)+.0372*(PWBBP**2.
2)))+56*(9.77E-3*PWBBP*TANA*(PWBBJ**3.))/PwBBK+.585*(PWPEI**3.)
. CALL 0OSUB(PWBBK'PRES*S5¢1.sRWT+RFRG?RFRC»RFRS+RFRF)
O0QPAW=PWBBA +PWPEA *9,+RFRG+9¢* (3,8E=3%PWBBA +¢9%PWPEA )+S6%9.
1(s0127*PWBBA ) +S6%¢05+5.9%PWPEA
0QPBW1=+1%PWUBA +RFRC+PWPEA *e1+3,4E=3%PWBBA +.81%PWPEA +¢0114%
1PWBBA ‘*‘o005+00667*PWPEA
QPBW2=.1*PWBBA +RFRC+PWPEA *.1
' PWBNP=¢00913*%PUMS*PWBBP* (PWBBJ**+5)
PWPJI=1.333%PWRBJ .,
PUWPJY=.0452%PW3BP*xTANA* (PRES**,5)
PWPG1={(,00332% (PWBBP**3.)+,0006% (PWBBP**2.) ) xTANA*PRES) %% ¢ 333
PWPGP=PWPG1+,.,225
PWPPP=1,133%PWPGP



L C-5h

OWT=WT+RWT+.617*PWBBJ*TANA*(PWBNP**Z.)+.0715*PWBNP*(PWBBJ**2.)
1+.27*PWBBJ*PWBNP*PWPEI+.428*(PWBNP**3.)+~705*PWBNP*(PWPEI**2.)
2+.393*PWPJY*PWBBJ**2-+.103*TANA*(PWPJI**3.)+.054*(PWPJI**2.)*
3(PdeY+.33)+.191*(PWPGP**3.)-.377*(PWP61**3.)+.0277*(PWPGP**3.).
PWBNA =8.15£-4*PUMS/PWBNP
OQPAW=QPAVW+3 . *PWBNA +(.005*PUMS/PWBBJ)+2.*PWPEA +(,004%PUMS/PWBRJ
1)+.1333*%PWPGP+,089%PWPGP
0QPBW1=0PBW1+.3%PWBNA +(5-E~4*PUMS/PWBBJ)+.2*PWPEA +(.0004%PUMS/
lPﬂUBJ)+.0133*PWPGP+6.9E-3*PWPGP
QPBWZ:GPBW2+.0133*PWPGP+8.QE-Q*PWPGP
QPCWZ:RFRS+.00027*PWPGP+.OQ*PWPGP+.0025+-09*PWBBA
QPCWS:RFRS+.00089*PwPGP+1.33E-3*PWPGP+.09*PWBBA
0QPIwW2=1.*PWPEA +(.OOOQ*PUMS/PWBBJ)+(.0005*PUMS/PWBBJ)+(6.5E-4*
1PUMS/PWBNP)+(8.15E"5*PUMS/PWBNP)*1.8*PWPEA +.015+,046%PWBBA +
2.0103%PWBBA +2,43xPWPEA +(3.83E-4*PUMS/PWRBP) +, 01 %PWBBA
QPDW1=,01%xPwWBBA +RFHF+.0133*PWPGP+8.9E-3*PWPGP
QPDW2=.01%PWBBA +RFRF+.00133*PWPGP+8.9E-4*PWPGP
OQPJWZ(l.ZBE-S*PUMS/PWBBP)+3.42E-4*PWBBA +,081%PWPEA +.0114%
1PWBBA +.0025+.060%PWPEA +(8.155-6*PUMS/PWBNP)+(1.63E'4*PUMS/
2PWBNP)+(5.E-5*PUMS/PWBBJ)+.2*PWPEA +(.0004*PUMS/PWBBJ)
CALL OSUB(PwPPPoPRES*.0133o5'O.oRWToRFRGvRFRCvRFRSvRFRF)
WTZWT+RWT
QPAW=GPAW+RFRG
OPBW1=QPBW1+RFRC
QPBW2=QPBW2+RFRC
@PCWZ:QPCW2+RFRS+2.47E-2*PWPGP+(.151*PRES**.25/FL0W**.5)
QPCW3=QPCW3+RFRS+8+ T1E~4*PWPGP :
‘QPDW1=0PDw1+RFRF+7.51E-3*PWPGP+(.022*PRES**.25/FLOW**.5)
QPDW2=QPDV2+RFRF+8¢ 71E=4*PWPGP
PWPIA =2.,66*%TANA*PUMS/ (PRES*PWBBP)
CALL OSUB(PWPGPo.0153*PRES'500.0RWTvRFRGORFRC'RFRSORFRF)
WTSWT+2 4 3%RWT +(4o23E-5*PRES*PWBBP**2./TANA)
QPAW=QPAW+RFRG+5.*PWPIA +.0871*PWPGP+(.215*PRES**.25/FLOW**.5)
QPBwlePBw1+1.1*RFRC+PWPIA *¢54+,00871%PWPGP
- QPBW2=QPBW2+1+01*%RFRC+7 « 48E=3*%PWPGP
QPCWZZOPCWZ+1.1*RFRS+(1.49E-3/PWBBP)
QPCW3=QPCI/3+1 . 1*RFRS
QPDW1=QPDW1+1.1*%RFRF+(7.5£=5/PWBBP)
QPDWR2=QPDW2+RFRF
QPIW2=QPIW2+.5%PWPIA +{(7.5E=-4/PWBBP)
QPJUW=QPJW++ 05S*%PWPIA +{(7.5=4/PWBBP)
C WOBBLE PLATE PUMP 2
CALL OSUB(PWBBK'PRESrS'O.oRWT.RFRG-RFRC:RFRS:RFRF)
QPAW=QPAW+RFRG+(,0149/PWBRP)
QPBWl:QPBw1+RFRC+(1.49E~3/PWBBP)+(0022*PRES**.25/FLOW**.5)
OWT:WT-(4.65E-6*PRES*PW88P**2./TANA)+.05*PwPGP*t2.+
1(3.32E-3*PWPGP)+.0158*PWPGP**2.+(.002*FLOW**1.5/PRES**.75)+.0527
2*PWBUX*PWBBK**2.+RWT+(.0157*PWPJI**2.)
PWCHIZ.0125% (PWBBJ*PRES) %% ¢ 333%PWBBK** , 667
PWCII=1.225%PWBBJ ‘ _
OWT=WT+6.67E-Q*PWBBJ**1,67*PWBBK**1-33*PRES**o667+98.*PWCHI**3.+
1(eS40*PWCHI*PWEBBUX*24) 4, 06*PWCHI %3,
QPAN=GPAW+(4.055-3/PWCHI**2.)+(1.33E-4*PWBBJ**2./PWCHI**s.)
. uwa1:OPBw1+(#.055“4/PWCHI**2.)+(1.33E-5*PWBBJ**2./PWCHI**B.)
‘ GPBW2=QPBW2+RFRC L
QPCW2:QPCW2+RFRS+(2.E-4/PWCHI**2o)+(6.7E'5*PWBBU**2./PWCHI**3.)
QPCW3=QPCW3+RFRS ‘
QPDWl:upr1+RFRF+(2.E-5/PWCHI**2.)+(6.7E-6*PWBBJ**2./PWCHI**3.)
QPDW2=0PDW2+RFRF
uPIw2=@P1w2+(2.E-4/PWCHI**2.)+(6.7E-5*PWBBJ**2./PWCHI**3.)




C-

QPUW=QPJW+(2+E=~S5/PWCHI*%2,)+ (6, TE=6%PWBBJ%*2 o /PWCHI #%3, ) >
CALL OSUB(PWCII'PRES»Ss1,)RWTIRFRG*RFRC*RFRS»RFRF) :
PWCLI=.189*%PWBBJ ‘
0QPAW=QPAW+RFRG+(+1125/PWBRJ) +, 014+ (,0338/PWBBJ) + (., 0225/PWBBJ) +
1(,0298/PWBBP) ) . 4 e
00PBW1=QPBw1+RFRC+(.0113/PwBBd)+.0014+(.00338/PWBBJ)+(.00225/PWBBJ
1)+(,003/PwBBP) ‘
QPBW2=QPBW2+RFRC+(+0113/PyBBJ) +(,00225/PWBBJ)
QPCW2=QGPCwW2+RFRS+(+0036/PWBBJ) +1 U4E=3
0PCW3=QPCW3+RFRS+(.0013/Pw88d)+(.0015/PWBBP)
QPDWI:GPDW1+RFRF+(1.SSE-B/PWBBJ)t7.E-S+(l.SE-ulPWBBP)
QPDW2=QPDW2+RFRF+(+00113/PWBBJ)

WT=WT+RWT+e 054 *xPWCHI*PWBBU*%2 ¢ + ¢ 058%PWRBXxPWBBK*%2

QPJW=QPJIW+7 E=5+(,00015/PyBBP)

QPIWZ=QPIW2+1 J4E-4+(7,5E~=3/PWBRP)

CALL OSUB(PWCLI*PRES?S»0.9RWT»RFRG?RFRC*RFRS*RFRF)

WT=WT+RWT

QPAW=QFAW+RFRG

QPBW1=QPBW1+RFRC

QPBW2=QPBW2+RFRC

QPCW2=QPCW2+RFRS

GPCW3=QPCW3+RFRS

QPDW1=QPDW1+RFRF

QPDW2=GPDW2+RFRF

CALL OSUB(PWBBI*PRES+S5+1+»RWT+RFRG2RFRC»RFRS+RFRF)
OWT=WT+RWT*#64+¢603%PWBBP*%*3¢+8 ¢ S5E=4*PWBBP**3 ¢ kPRES*% ¢ 667+ ( o 15%
lFLOW**l.S/PRES**.75)+(.023*PWCII**3;)+PWBBI**3.*PRES*((1.035-5)
2+((1.88E~9)*PRES)+((1,1E~13 ) (PRES*%2,) ) )42+ 34E=6*FLOWX*1 5
PWVHI=PWBBI*(1,+1,52E=4*PRES)

PWHFI=+ 0911 %FLOW*%¢5

QPAW=QPAW+6 ¢ *RFRG+(+.0536/PWBBP)+(16.83/ (PWBBP*PRES**+667) )
QPBW1=QPBW1+6«*%RFRC+(.00536/PWBBP)+(1.683/ (PWBBP*PRES**.667))
GPBW2=QPBW2+6+*RFRC+(.00536/PWBBP)+(1.683/ (PWBRP*PRES**,667) )
QPCW2=QPCW2+6 ¢« ¥*RFRS+ (4 012/PWBBU) +(+017/PWBBI)+(7.95E=5/FLOWX*,5)
QPCW3=QPCW3+6+¥RFRS+( 4 0153/PWBBU) + (+ 0224/PWBBI) +(7.95E=5/FLOW**.5)
APDW1=QPDW1+6«*RFRF+ (4 01/PWBBJ) +(,0224/PWRBI) +(7.95E=S5/FLOW**,5)
QPDW2=@PDW2+6.*RFRF+(.0153/PWBBJ)+(,0224/PWBBI)+(7.95E-5/FLow**.5)
QPHW2=,00536/PWBBP :

QPGW1=.0072/PwBBP

QPGW3=,00536/PWBBP

QPIW2=QPIw2+(+0072/PWBBP)+(4,23/ (PWBBP*PRES**.667) )

QPUW=QPJUW+ (. 0063/PWBBP) +(1.683/ (PWBBP*PRES**,667) )
QPAWZGPAW+(+153/PWBBU) + (4 224/PWBBI)+(,008/FLOW**,5) .
@PBWl:QPBw1+(.0153/PWBBJ)+(.0224/PWBBI)+(7.95E-4/FLOW**.5[
QPBW2=QPBW2+ (. 0153/7PWBBJ) + (4 0224/PWBBI) +(7,95E=5/FLOW**,5)
OPEW2=(8.E=3/PwBBJ) +(,016/PWBBI)+(.07/PWBRI)
QPFW=(,05/PWwBBJ)+(«011/PWBRBI)+(,0016/PWBBI)

CALL OSUB(PWHFI'PRES*+0133¢6¢0,RWT¢RFRG?*RFRC*RFRS?RFRF)
PAPCU=PAPWPx(3,24+2 44E-4xPRES)

QPAW=QPAW+RFRG+(+33/PWBBI)

QPBW1=QPBW1+RFRC+(«U33/PWRBI)

GPBW2=-QPBW2+RFRC+(+,033/PWBBI)

QPCW2=GPCW2+RFRS+(+09/PWBRI)

QPCW3=QPCKW3+RFRS+(.0033/PwWBBI)

QPUWl:@PDw1+RFRF+(.OOl?/PwBBI)

QPDW2=QPDW2+RFRF+(+,0033/PwBBI)
OWTS=WTHRWT+ (4 232%FLOWX*1e5/PRES** e 75) +( ( LUxPWHFI*%34)+ (o011 *PWVHI
1%%3,) + (PREBBI**%2¢ ) % ( e 0298%PWBBX+ ¢ L5%PWPUY+,0477%PWBBI=,011%
2PWVHI) =4 096 7*xPUPJY* (PWPJI %%2,) =, 04 36*%PWBBI* (PWPGP%x*2, )
QPAW=CG*QPAW



C-56
QPBW1=CG*QPBW1

QPBW2=CG*xuPBW2
GPCW2=CSA*QPCW2
o GPCW3=CSAXQPCH3
QPEW2=CSA*QPEW2
QPGW3=CSA*QPGW3
QPIWe=CSAxQPlIwW2
4PWDSZTANA*((20.5*PWBBP**2.0)+(307*PWBBP**200))
PWDS1=17.2*%PWDS
WT=WT+TOILW*PADS1
PUWTZ2=WT
PWLF=3175,0/PUNMS
PINFT:QB.O*PPPP4+19-0*PPPP5+56*(6.0*PPPP4+4.0*PPPP5) ‘
0PINFU=S6*(911084+207-95*PWDS**005-515-22*PWDS+4“5.03*PWDS**105+'
1400.00)+(1-0“56)*(710025+161o98*PWDS**005-401033*PWDS*346.66*PWDS
2%%x1,5+380,0)+140 o"'q’oﬁ*PUWTZ** 5
OPINFD=56*((66000o0+18-*PINFU)*PPPP4+88500.0*PPPPS)+(100'S6)*((
130000.U+1800*PINFU)*PPPP“+69460-0*PPPP5) : :
WRITE (9=IREC9) PUWTZ!QPAWOQPBWI'QPBWZvQPCWZ!QPCWSOQPEW2'
1 QPGW3'QPIW2'QPDW1'QPDWZ!QPFW'QPHWZ'QPJW'PWLF’PINFD'PINFU'PINFT
WRITE (30920) PUWTZ'QPAW'QPBWllQPBWZOQPCWZ'QPCWSOQPEWE'
1 QPGW3+,QPIW2/+1QPDW1+»QPDW2s QPFW APHW2» QPUW PWLF »PINFDsPINFUSPINFT
WRITE (4~1TRA4) PRES'AMOMOACTQA'TMTlI'ACTQM'ACTIM'ACVOL'FVOL'
1 PADS1.PwDS1
IF (AMAX=AMOM)10+10,11
10 IF (PREM=PRES)12+12,11
12 CONTINUE
CALL LINK (INFIL)

| END
‘ // DUP ,
*STORE WS UA WPUMP . i



.c

C INT

920
1002

11

]

503

502
501

C~57
STORED PROGRAM 8

ENSIFIER
DEFINE FILE 1(500290+UsIDATA) »2(10001500U,ITRA2) , ™~
DEFINE FILE 3(1500150+,U¢ITRA3),4(150+400U, ITRAL)
DEFINE FILE 5(150+/40/UsITRAS) 16(500150,Ur IREC6)
DEFINE FILE 7(100+150,UrIREC7),8(5001500U,IRECS)
DEFINE FILE 9(50+,1500U,IREC9)+»10(500150,U, IRE10)
DEFINE FILE 11(50,150,UsIRE11)

IDATA = 11

ITRAG = 81

ITRAS = 81

IREL10 =1

FORMAT (2X»7E13,5)

FORMAT (2Xr20H INTEN=FILTER )

WRITE (301002)

READ (1-IDATA) AMAX'PREMvANUMB:PPPIOoPPPPﬁ;PPPP7oANGLZ:PUMSZ'
1 FFFF2+FFFF3+FFFF4»TOILW,CGrCCrCSAICSC

ANGL=AMNGL2

PUMS=PUMS2

TANASSIN (ANGL)/C0S (ANGL)

CONTINUE

READ (4=1TRA4) PRESr»AMOM, ACTQA» TMT1I»ACTQMs» ACTIMs ACVOL » FVOL ¢
1 PADS1/PuDS1

FLOW=ANUMB*ACTQA*PPP10

PWBBl=0.1

OPWBBP=((FLOW/ (PUMS*TANA* (20,51 ,92E=4*PRES) ) ) =
1(((PWBBI**Z.U)*(3.58-3.46E'5*PRES))/(20.5-1o92E-4*PRES))+

204, 4UE-3%PWBB1)/(20+5=1,92E-4%PRES) ) +
S3((1,64E=5%PRES*PWBBL1)/((1,45%PWBB1+.26) % (TANA*%2,0) *PUMS*
4(20,5=1,92E=4*PRES) ) ) ) *%,333

IF (ABS (PWBBP=-PWBB1)-1.,0E=5%*PWBBP)501,501,502
PWBBl1=(PWBBP+PWBB1) /2.0

GO TO 503

PWBBI=PWBBP*(3,98+2 . 46E~4xPRES) +.523
PWBBK=2.,0xPwBBpP

PUBBX=5:57*TANA* (2. 9%PWBBP+,523)
PWBBU=2.9%PWBBP+.523

PWBBA =(1.7QE-5*PWBBP*TANA*(PRES**Z.0))/FLON ,
CALL OSUB(PWBBK'PRES?5s1,¢RWT»RFRG?RFRC+RFRS¢RFRF)

DWT=2o*RWT+-165*(((PWBBI**Z.)—.706*(PWBBP**2.))*PWBBX'(9505*(PWBBP

l**3.)-15.5*(PWBBP**2.)—3.08*PWBBP+-438)*TANA'SoS*PWBBX*(PWBBP**Z.

2))+9.x (4 176*%PWBBX*PWBBP**2,)

QPAI=KFRG*2.+PWBBA *1.,1137

QPBI2=RFRC*2,+,1*PWBBA

QPCIZ=RFRS*2.+,09%PWBBA

QPDI1=RFRF*2.+,01xPWBBA ‘
QPIIZ2=,01%xPWBBA +(«0308/PWBBP) +(16¢9/ (PWBRBP*PRES**,667) )
QPJI=. 0011 *%PWBBA +(.00252/PWBBP)+(6.23/(PWBBP*PRES*t.667))
CALL OSUB (PWBGBI»PRESr591, ¢ RWUTIRFRGYRFRC»RFRS ¢ RFRF)
WTZWT+RWT*6.+(2.42*(PWBBP**3.))+(.00342*PwBBP**3.*PRES**.667)
QPAI=®PAI+6.*RFRG+(.214/PWBBP)+(62.3/(PWBBP*PREs**.667))
QPBI2=QPBI2+6+*RFRC+(6,23/ (PWBBP*PRES**,6567) )
QPCI2=QPC12+6+*RFRS

QPDI1=QPDI1+64+*RFRF

PWVHI=PWBBI*(1,0+(1,516E=4%PRES))



Y v 0'58

PWHFI=.0911%(FLOW%*,5)

OWT=WT+ (o3 (FLOWX*1+5) /PRES*%,75) +( (PWBBIx*3,)*PRES*(2,06E~5+3,75
16-9*PRES+2.2E-13*(PRES**Z.)))+2.34E-6*(FLOW**1.5) ,

. CALL OSUB(PWHFI*+0133%PRESs6,1 + "RWT»RFRG»RFRC»RFRS»RFRF)

OWT=WT+RWT+(.232*(FLOW**L.S)/(PRES**.?S))+(~1#9*(PWHFI**30))+(
1.022*(PWVHI**3.))+((PWBBI**Z.)*(.0298*PWBBX-.022*PWVHI))
QPAI=QPAI+RFRG+.00795/(FLOW**.5)+(1.u26/PwBBI)
QPBIZ:QPBIZ+RFRC+(.1426/PWBBI)+(7.95E—5/FLOW**.5)
GPCIZ2=QPCI2+RFRS+ (¢ 158/PWRBI) +(7¢95E~5/FLOW**,5)
OPDIl:QPDIl+RFRF+(.0929/PWBBI)+(7.95E-5/FLOW**.5)
QPEIZ2=.134/PWBBI

QPFI=,0456/PWBRI

QPAI=CG*QPAI

QPBI2=CC*@PBIl2

QPCI2=CSA*QPCI2

QPEI2=CSA*QPEI2

QPII2=CSA%QPII2
PIDS:TANA*((20.5*PW88P**2.0)+(3.7*PWBBP**2.0))
PIDS1=17,2*PIDS

WT=WT+TOILW*PIDS1

PUWT3=WT .
PILF=3220,0%PWBBP/ (PUMS*TANA* (2, 9%PWBBP+.523) )
PTRFU:911.48+207.0*PIDS**.5-515.22*PIDS+445.03*PIDS**1.5+ 400,
PTRFD=(66000.0+18,0%PTRFU) *PPPP6+88500, 0*PPPP7
PTRFT=52,0*%PPPP6+23, 0%PPPP7

WRITE (3,920) @PAIo@PBIQoGPCIaoQPE12.0P112oQP011vGPFIoQPdIaPILF.
2PTRFDsPTRFUYPTRFT»PUWT 3 :

C FILTER
’ FLOW=ACTQA*FFFF2 ~

FOBOW=2.05E~6%PRES* (FLLOW*%1.5)

FoBoA =1.814E-4*xFLOW/FOBOW

FOBOJ=,.324* (FLOW*%0,5) °
FOBOI=FOBOJ+2+27E~S5*FLOW*%0,5%PRES

FOEOW=,0202%FLOW

FOWOW=FOBOJ*%*3,0%,0048

FOSOW=+00161*%FQBOJ**2,33

CALL OSUB(FUBOIoPRESoS'O.oRWT.RFRGrRFRCvRFRSoRFRF)
FOHPW=RWT :

FOHPA =RFRG

FOHPB =RFRC

FOHPC =RFRS

FOHPD =RFRF

FOBOW=.087*FOBOW _

FDB0OA =.008/F0BOJ g ,

CALL OSUB(.623*F080do20.o5o0.oRWT'RFRG-RFRCoRFRSoRFRF)
FDBKW=RWT

FDBKA =RFRG

FDBKB =RFRC , ‘

CALL OSUB(+413%FOBOJr»20¢¢5104 »RWT)RFRG»RFRC»RFRS»RFRF)
FOBLW=RWT

FDBLA =RFRG K
FDBLB =RFRC

FOROW=U+0875%FDBOW

FIBOW=.0106+3,53E=-6%PRES

’ FIGAW=,0004 o

CALL OSUB(-5510PRES!2!0.rRWT'RFRG'RFRC'RFRSoRFRF)

FIBAA =kFRG

FIBAB =RFRC

FIBAI =RFRS

FIBAJ =RFRF
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OFILRA=1,B14E=UxFLOW/FOBOW+.0773/F0BOJ+2,.0%xFOBOA +.64/FLOW
1+,33*%FOHPA +,167*FDBLA +0,428*FDBOA +.00077/FIBOW**,33
2++333+%FIBAA +164+8/PRES+FOHPA +FDBKA +FDBLA +FIBAA +.1265
3+1.85E-4*FLOW

OFILRB=2+27E~5*FLOW/FOBOW+,01030/F0BOJ+,.5*FOBOA +.064/FLOW
1+.033%FOHPA +,0167*FDBLA +,000384/ (FIBOW*%+33 )+.0333%FIBAA
2+1,680/PRES+.0097+FOHPB +FDBKB +FDBLB +FIBAB :
3+1.85E=5*FLOW : ~o
OFILRC=2+27E~5%FLOW/FOBOW+,225%FOBOA ++0066*FOHPA +.00068
1+.0000437/FiBOW**,333+,00333%FIBAA +.336/PRES+FOHPC

OFILRD=2 ¢ 27E=~O*FLOW/FOBOW+,225%FOBOA +,0033%FOHPA
1+,000431+,0000215/F IBOW**,333+,000167*FIBAA +.0168/PRES+FOHPD
OFILRJ=+00012/F0BOJ+2,28E=4/FOBOJ+,025%FOBOA +4,125E=5%FLOW
1+FIBAJ +.,000444 '
GFILRI=.025*%FO0BOA +2424E=4/FOBOJ+.000669+7 , 25E~5*FLOW
1+3.56E~4/FO030J+FIBAI

FILRG=«32/FLOW

FILRH=Z 16/FLOW

QFA=CG*FILRA

QFB=CC*FILRB

QFC=CSC*FILRC -

QFI=CSC*FILRI

QFG=CSC*FILRG

QFD = FILRD
QF JSFILRJ
QFH = FILRH

OFILW=3¢12%FOBOW+FOEOW+14225*xFOWOW+Y4 s 2XFOSOW+2 + 125%FOHPW+

1FDBOVi+ (34 0*FDBLW) /24 0+24 0xFDOROW+F IBOW+2+ 0%F IBAW+ ‘

24, 0E=13* (PRES*%3,0) +FDBKW++0336+FDBLW
FIVdL:.095525*ACTQA*ANUMB**1.5-.07071*ACTGA*ANUMB\
FILWSFILW+FIVOL*TOILW : ‘ -
FPORT=TMTL1I*(FFFF2*ANUMB/2,)*¥0.5
FUCSU=(56.+280,*FPORT+941/FPORT*%2¢)+110e+1 . 154FILWk*,.5
FUCSD=(15000++10+%FUCSU) *FFFF3+42120.*FFFFY4
WRITE(3+920) FILW/QFA/QFB»QFCrQFGrQFI+QFDsQFHs QF J»FUCSU»FUCSD
WRITE (10-IRE10)QPAI,QPBI2+GPCI2/QPEI2,QPTII2+QP0OI1+QPFI»QPJIIPILF,

2PTRFU'PTRFUYPTRFT»PUWT3

3 *FILW/GFA»QFB»QFC»QFG+QFI+QFD s QFH» QFJ» FUCSU»FUCSD
WRITE (5=ITRAS) PRES» AMOM, FIVOL»ACTAM» ACTIM» ACVOL »FVOL »PADS1 s

1 PwDS1,P1IDS1
IF (AMAX=AMOM) 10,10,11

10 IF (PREM=PRES) 12,12/,11
12 CONTINUE
CALL LINK (RESAC)
END
// DUP
*STORE WS UA INFIL



‘c

C

c-60

STORED PROGRAM 9

RESERVOIR=ACCUMULATOR
DEFINE FILE 1(500290+UsIDATA)»2(100¢150+U,ITRA2)
DEFINE FILE 3(150,1500UsITRA3) 14(150+40,U, ITRAGL)
DEFINE FILE 5(150,40+UsITRAS) 16(500150,Ur IRECSH)
OEFINE FILE 7(100+150,UrIREC7),8(50¢150,U, IREC8)
DEFINE FILE 9(500150+UsIREC9)+10(50,150,U, IRE10)
DEFINE FILE 11(50+150+U/sIREL1)

IDATA = 12
ITRAS = 81
IREL1l =1

920 FORMAT (2X¢7E13,5)
1002 FORMAT (2x920H RES=ACCUM )
WRITE (3,1002) s
READ (1=-1DATA) AMAX1PREM» ANUMBr» SSSI»SSS29SSS31RSPAL1RSPA2/RSPA3,
1 TOILWsRRRR1/RRRR3/RRRRY4¢ACCUIREAC?CG,CC,CSC
11 CONTINUE
READ (5-ITRAS) PRES»AMOM,FIVOL/ACTAQMs ACTIMsACVOL »FVOL » PADS] o
1 PWDS1.PIDSI1
RPRE=SSS2*PRES+S55S3
SVOL=ACTAM*ACTIM*ANUMB*RRRR1
SVOLW=SVOL*TOILW
0RVOL=SVOL+(0-20*1.667&-6)*(SVOL*FVOL+(ANUMB*ACVOL)+FIVOL+PADSI+
1PWDS1+PIDS1) :
RVOLW=RVOL*TOILW
RPAPI=0.0
720 RPAPT =(2,5464*RVOL+RPAPI*¢32490) %*,333 :
IF (ABS (RPAPT =RPAPI)=.000001%RPAPI)722¢722¢721
721 RPAPI=(RPAPT +RPAPI)/2,
GO TO 720
722.RPARI:.1365*RPAPI+(Q.SSUE—Q*RPRE*RPAPI**Z.)/(RPAPI'2092)
OWGT:.0093*(RPAPI)**2-+6cBOE‘6*RPRE*RPAPI**“o*o046+(6.55€‘5*(
lRPAPI*?o)*(RPAPI)**3.*RPRE)/(RPAPI‘209)
RHPPIZ((RPAPI**Z.-.3249)*RPRE/PRES*RPARI**Z.)**05
RPAPA =7.49/(RPRE*RPAPI) *%2,
RPARA =1.07E~4*%RPAPI*x2,
CALL OSUB(RPAPI*RPRE 1114 )RWT+RFRG*RFRC+RFRS?RFRF)
RESAA =RFRG*1.0666+RPAPA +RPARA
RESAB =.5%xRPAPA +.,5%*RPARA +RFRC*1,00666
RESAC =.025%RPAPA +RFRS*1,00165
RESAD =.01*RPAPA +RFRFx1,00165
RESAE =.125%RKPARA *REAC
RESAF = RESAE*,5
RESAT =.225%RPAPA +,125*%RPARA
RESAJ Z«09%RPAPA +.0625*%RPARA
WOT=WGT+14375E=5*%RPREXRPAPI*%2 , +RWT*1,872
RPNXA =2¢5E=~4%RPRE*RPAPI*%2,
CALL OSUB(145/RPRE?5104RWTIRFRGsRFRC+»RFRSsRFRF)
RESAA =RESAA +RFRGHRPNXA . .
RESAB =RESAB +RFRC+.5%RPNXA
KESAC =RESAC +RFRS+.1%RPNXA
RESAD =RESAD +RFRF+.1*RPNXA
CALL OSUB(e25¢RPRE? 3104 +RWT*RFRG*RFRC1RFRS¢RFRF)
RESAA =RESAA +RFRG
RESAts =RESAB +RFRC



RESAC =RESAC +RFRS
RESAD =RESAD +RFRF
CALL OSUB(RHPPIvPRESvloO..RWToRFRGrRFRCvRFRSoRFRF)
RESAA =RESAA +RFRG*1.,5 :
RESAB =RESAB +RFRC*1,05 |
RESAE ZRESAE +RFRS*1.005%REAC
RESAF =RESAF +RFRF*1.005%REAC
WGT=WGT+RWT
SPAPI=0,.0
SPAGI=RHPPI+,224 .
723 SPAPT =(6,366%SVOL+SPAPI*SPAGI**2,0) %%, 333
1F (ABS (SPAPT =SPAPI)=.000001%SPAPI)725¢725,724
724 SPAPI=(SPAPT +sPAPl)/2, -
GO TO 723 :
725u5PAPw=(.012154*SPAP1**3.0+.04383*SPAGI**2.O*SPAPI+(3.5286OE-7*
IPRES* (SPAPI#%2,0~SPAGI**2,0) #%2,/SPAGI) ) ¥SSS 1
SPAPA =(7.,099E+3%SPAGI/ (PRES* (SPAPI*%2,=SPAGI*%2,)*%2,) ) *SSS]
SPGNA =(,0015/SPAGI)*SSSIXREAC )
WGTA=41294RPAPI* (RHPPI+4112) *SSSI4REAC+093%SPAGI*SSSI*REAC
SPAGA =2.5320E=-4* (RHPPI*RPAPI*SPAGI*SPAPI)*SSSI*REAC
CALL OSUB(RPARI'PRES»3s1.,RWT+RFRG?RFRC+RFRS»RFRF)
RASAA =SPAPA +SPGNA +RFRGx1.05%SSSI*REAC+SPAGA
RASAB =+5%SPAPA +,1%SPGNA +RFRC*1.01%SSSI*REAC+.5%SPAGA
RASAC =,05*%SPAPA +4+125%SPAGA .
RASAD = RASAC
RASAE =RFRS*1.005*%SSSI*REAC+.07*SPGNA
RASAF =RFKF*1+005%SSSI*REAC+,07*SPGNA
WGTAZWGTA+RVT*1 «68*%SSSI*REAC
- CALL OSUB(SPAPI'PRESr1/91.RWT+RFRG»RFRC+RFRS+RFRF)
RASAA =RASAA +RFRG*2,2%SSS1
RASAB =RASAB +RFRC*2,02%SSSI
RASAC =RASAC +RFRS*1,0025%S5S1
RASAD =RASAD +RFRF*1,0025%5SST
RASAG =.1%SPAPA +,03%SPGNA
RASAH = RASAG
RASAK =.125%SPAGA +.05%SPAPA +1.0025%RFRS%SSSI
RASAL=RASAK
WOTAZWGTA+RWT*3. T44%558S1
SHPCA =3.,4652E-5%SPAPI*5SST
CALL OSUB(SPAGI'PRES?3+0,»RWT»RFRG?RFRC *RFRS¢+RFRF)
RASAA ZRASAA +RFKG*2.2%SSSI*REAC+SHPCA
RASAB =RASAB +RFRC*2,02*SSSI*REAC+SHPCA *,.5
RASAC =KASAC +RFRS*1,025%SSSI¥REAC+SHPCA *.1
RASAD =RASAD +RFRF*1.025%SSSI*REAC+SHPCA %x.05
RASAK ZRASAK +RFRS*1,025%SSSIXREAC+SHPCA %1
RASAL =ZRASAL +RFRF*1.025*%SSSI*REAC+SHPCA %*.05 ,
SCACI=SPAPI+3.102E=5%PRES*SPAP] o .
OWGTAZWGTA+RWT*347T78%SSST+, 44+ (9,678E=6xSPAPI*%2,+4+6624E=6% (SPAPI
< 1%%2,-SPAGL*%2.) ) *PRES*SPAPI*SSST
CALL OSUB(SCACI+PRES+291,RWT+RFRG?RFRC»RFRSRFRF)
KASAA ZRASAA +RFRG*1.333%SSSI
RASAB =RASAB +RFRC*1.0333%SSST .
RASAC =RASAC +RFRS*1,005*%SSSI+,00158%SS5S1
RASAD =RASAD +RFRF*1.005%SSSI+7.9=4%SSS1
UWGTAZWGTA+RWI*1+ 054 1%SSST+4+9154%SSSI+SVOLW+(2,1860E~6%PRES*
1SPAPL* (SPAPL*%24=SPAGI*%2,) ) *ACCU+((2,5970E=7%((1,256%SPAPI~
C24125)#%2,%2,1%%2, ) ¥PRES/ (1,256*%SPAPI=2,125))+,0848+.46383%
3SPAPI)*ACCU .
CALL OSUB(1«51pPRES?H10, 1RWTIRFRG?RFRC»RFRS»RFRF)
RASAA =RASAA +RFRG*14333%SSSI*REAC



T c-62

RASAB =RASAB +RFRC*1,033*%SSSI*REAC

RASAK =RASAK +RFRS*1,005%SSSI*REAC

RASAL =RASAL +RFRF*1.,005%SSSI*REAC

CALL OSUB(oSrPRESoSrO.oRWT!RFRG!RFRC!RFRSORFRF)

RASAA =RASAA +RFRC*555I+,176 *5SS1T o

RASAB =RASAB +RFRC*SSS1+, 04349%55S]

RASAK =RASAK +RFRS*SSSI+8.98E-4*SSSI

RASAL =RASAL +RFRF*SSST+4 , 88E~4%SSST
0RHXXW:4.71620E-6*RPRE*RPAPI**3.*(1.+-007662*RPRE)+(2.1860E-6*
lPRES*SPAPI*(SPAPI**Z.-SPAGI**Z.))*(SSSI)+(2.5970E-7*((1.256*SPAPI
2-2.125)**2--2o1**2o)*PRES/(1.256*SPAPI-2o125))+.0848+.46383*SPAPI
WGT=WGT+1,722E=-4*RPAPI**3, ¥RPRE '

RCASA =2.69/ (RPAPI*RPRE)

CALL OSUB(RPAPI'RPREOZ'IQ'RWT'RFRG'RFRC'RFRS'RFRF)

lESAA SRESAA +RFRG*1,333+RCASA +,0001*%RPRE

RESAB =RESAB +RFRC*1.033+RCASA *¢5+1E=5%RPRE

WOT=WGT+RIWT*1,748

CALL OSUB(.644:RPREv500.-RWT:RFRG.RFRCoRFRScRFRF)

RESAA =RESAA +RFRG

RESAB =RESAB +RFRC

RHXXA =1.17E=-2%RPAPI*%2,

CALL OSUB(100625'RPRE!6'0.ORWT'RFRG'RFRC'RFRS'RFRF)

RESAA =RESAA +RFRG*3,+RHXXA

RESAB =RESAB +RFRC*3 4 +RHXXA *,5

RESAC =RESAC +RFRS*3.+RHXXA *,1875

RESAD =RESAD +RFRF*3.+RHXXA *,09375

RESAI =RESAI +RHXXA *,0625

RESAJ =RESAJ +RHXXA *,03125

CALL 0SUB(+75¢/PRES?6+04»RWTIRFRG?RFRC+RFRS»RFRF)

RESAA =RESAA +RFRG

RESAB =RESAB +RFRC+.0066

RESAC =RESAC +RFRS

RESAD =RESAD +RFRF
0wGT=WGT+(732.175*(SPAPI+3.102E-5*PRES*SPAPI)*(2.7016-6*(SPAPI
1**2.-SPAGI**20))+0003)*SSSI+0252*RSPA3+(0“737*(10-(10-20066E-5*
2PRES*2.)**2.))*SSSI+.3138*RPAPI*RSPA3+SPAPW+RHXXW+.3046+RVOLW
RSPAA =RSPA3*(,0968+RSPA1x.25+RSPA2%,15)

RSPBA :RSPA3*(RPAPI/2.)*(.152+RSPA1*.242+RSPA2*.196)
. RESAA =RESAA +RSPAA *e 5+RSPBA %x.2+.,028
0RECSU=2.7492*(22.3786+RPAPI**3.0*(.875758-200.9068/(RPRE+500.)-
179711.07/(RPRE+500o)**2.0)+66628232.0/(RPRE+500.0)**2.0-117434.89/
2(RPRE+500.)+105.55801-.034223256*(RPRE+500.)+1.0761896E-5*(RPRE+
3500.)**2.0)*(1.0+.0188*(RPAPI/2.)) '
URECSU:(RECSU+2.7Q92*(71.82*RPARI-9.77*RPARI**2.0+2.014*RPARI**3.0+
1RHPPI**3.0*(-875758-200.9068/PRES-79711.07/PRES**2-0)+66628232.0/
ZPRES**2.0-117434.89/PRES+105.55801-.034223256*pREs+1.07513965-5*
3PRES**2.0)*(1.0+.0188*(RPAPI/2.))+520-)+1Q0.+4.6*WGT**.5
0RSPAU=RSPA3*(281.30+32.30*RSPA2+40.10*RPAPI+15.60*RPAPI*(RSPA1+
1RSPAZ)) ‘
RECSD=(7#000.*(RECSU+RSPAU)*10.)*RRRR3+69Q60.*RRRR4
RECSU=RECSU+RSPAU
OSACSU=(2.7“92*(71.82*SPAGI-9.77*SPAGI**2.o+2.01u*sPAsI**3.+spAp1*.
13.0*(.875758—200.9068/PRES'79711-07/PRES**2.0)+66628232o0/PRES**
22.0-117434.d9/PRES+105.55801?.034223256*PRES+1.0761896E-5*PRES**
3200)*(100+00188*(SPAGI/50))+50.+(1400+406*W6TA**QS) )*SSSI
SACSU2((20000.+SACSU*10.)*RRRR3+b160.*RRRR4)*SSSI

QACA=CG*RASAA

QRA=CG*RESAA

QACB=CC*RASAB

QRB=CC*RESAB



QACC=CSC*RASAC
QACG=CSC*RASAG
'QACK=CSC*RASAK
‘ QRC=CSC*RESAC
QRI=CSC*RESAI
QARE=CSC*RESAE
QACD = RASAD
QACH = RASAH
QACL = RASAL
GRD = RESAD
QRJ = RESAJ \
QARF = RESAF
RAPCD=RECSD+SACSD |
RAPCU=RECSU+SACSU L
WRITE(30920) WGTA,QACA/)QACB1QACCrQACGYQACK»QACD»QACH» QACL »WGT»QRA
1QRBrGRC+QRI+QRD» GRJ 1 QARE » QARF » RAPCU»RAPCD » RECSU»RECSD » SACSU» SACSD
WRITE(11=IRE11)WGTA»QACA+QACB?»QACC1QACG»QACK»QACD» QACH? QACL s WGT»
1 QRA»QRBrQRCrQRI»QRD?QRJrQARE » QARF ¢ RAPCUYRAPCD s RECSU+RECSD» SACSU
2 SACSD
IF (AMAX=AMOM) 10,10/,11
10 IF (PREM=-PRES) 12,1211
12 CONTINUE
CALL LINK (QDECK)
END - ’
// DUP
*STORE WS UA RESAC

N
. i



o STORED PROGRAM 10

C - QDECK )
DIMENSION XA(3) e XB(3)eXC(3)9»XD(3) + QAMFX(3)
DEFINE FILE 1(50!2900UOIDATA)l2(100'150'UoITRA2)
DEFINE FILE 3(150'1507UOITRA3)04(1509400U01TRA4)
DEFINE FILE 5(150;40!U01TRA5)96(509150'U'IREC6)
DEFINE FILE 7(100+1500UrIREC7),8(50+150,U, IREC8)
DEFINE FILE 9(50'1509U71REC9)010(50'150onIREIO)
DEFINE FILE 11(5001500UrIREL11) :
950 FORMAT(1HLe///7+20Xe24H COMPUTER PROGRAM NUMBER? I5//¢17H PUMP COMR
1INATIONe 159 7X0 12HPOWER SYSTEM+ IS 7X» 19HACTUATOR REDUNDANCY » 15¢777)
951 FORMAT (16H SYSTEM PRESSURE+F9,.04H PSI»10Xs11H MOMENT ARM,
1 F9.2+7H INCHES//+27X9 24HPROBABILITIES OF FAILURE » 34X6HWEIGHT »/
2 l3X6HGROUN05X9HCQUNTDOWNSXSHSTARTSXBHFLIGHT 16X5HCOASTSX8HFLIGHT
325X6HPOUNDS)
605 FORMAT (9H SYSTEM P6F12.8¢/F10,2¢/99H ACTUATOR96F12,80F10.20/0
1 10X»32H TOTAL PROGRAM COST (HYDRAULICS) rF15.0¢8H DOLLARS//)
IDATA = 13
RUN = 0,
READ (l-IDATA)TTloTTZrTQoVLIFArVLIFP:VHYSBOVTEST:VFLRF.VPNUB'VWCST
1 'VCYCA'VDEVLvVPEND'VOPER'VTCSTrVREPRvANUMBORUNQ'
2 XA(l)oXA(2)rXA(3)vXB(l)'XB(Z)pXB(3)rXC(1)oXC(2)'XC(3)'XD(l)vXD(Z)
3 2 XD(3)
ASANUMB
2000 RUN = RUN + 1., '
READ (1=IDATA) PPPP81S7158159+21+22+231J09KQ+LQ»MQ
WRITE (3+950) MQrLQ,KQs»JQ

IREC6 =1 .

IREC7 =1

IREC8 =1

IREC9 =1 ,

IRE10 =1 | : : \
IRE11l =1 |

999 CONTINUE
READ (6-1REC6)WASW:QASG:QASC;QASS.GASF'ADCSSrAUCSSoADTISuWAMWoQAMG
1,QAMC+QAMS» QAMF» ADCSM » AUCSM »ADTIM 'WATW, QATPG»QATSG»QATCGr»QATPC,
ZQATSCoQATCCoQATPSvQATSSoQATCSvQATPFvQATSFoQATCF!ADCST:AUCSTo
SADTIT 'ALIFE'ACTQL'ACYCL'AMOM'PRES'AMAX'PREM * QAMY » QAMZ
READ (7=IREC7) TRWTrQTRG!QTRCrQTRS'QTRFoXRUSUOXRUSD'
1 WTvQTGoQTCUQTFS'QTEPSvQTESS:QTIPS!QTISS:QTFFOQTEPF
& +QTESF»QTIPF,QTISFISTCSD»STCSU
READ (7-1IREC7) WA!WB'WC'WD'WEvQTAAOQTBA!QTCA!QTDA'QTEA'QTAB'QTBBo
1GTCB'GTDB'QTEB!QTACvQTBC'QTCC'QTDC'QTEC'QTAD'QTBD'QTCDOQTDDOQTEDI
2 TUCDl'TUCD2vTUCDS!TUCUlvTUCUZ.TUCU3'QDWGW'QDWGA0QDWG80QDWGC'QDWGD
3  1QDCSDr@DCSU
READ (8=IRECS) PUWTl!QPAA'QPBAlOOPBAZDQPCAZ'QPCASOQPEAEO
1 QPIAZ'QPUA20QPFA'QPHAZOQPJA'PALF'PFAFUOPFAFDOPFAFT'QPGA3
READ (9=1REC9) PUWT21QPAW»QPBW1 9 QPBW2/yQPCW2¢ QPCW3+» QPEW2»
1 QPGW30QPIW2'GPDWl'QPDWZ!QPFW'QPHWZ'QPJW!PWLF'PINFDOPINFU'PINFT
READ (IO-IREIO)QPAIOQPBIZiQPCIZ!QPEIZ.QPIIZOQPDII'QPFIOQPJI'PILF.
CPTRFD'PTRFUYPTRFT»PUWT3
3 'FILW'QFA!QFBOQFC'QFG'OFI'QFD'QFH'QFJ'FUCSU'FUCSD
READ (ll-IREll)WGTAOQACAOQACBOOACC'QACG'QACKOQACDOQACHOQACL’@GT!
1 QRAIQRB'QRC'QRI'QRU'QRJ'QARE'QARF'RAPCU'RAPCD'RECSUORECSD'SACSUO



500
61

62 -

63

64

2 SACSD

QAMFX (1) =QAMF

"QAMFX (2)=QAMY

QAMFX (3)=QAMZ
N=1
KK=0
KK=ZKK+1
GO TO(6lre2r6
QSPG=QPAI
SPELF=QPDI1
SPILF=QPFI
SPUPF=QPJI
APELF=QPDA2
QCVF=QPHA2
QAPG=GIPAA
QSPC=@PBIZ
QAPC=GPBA1
SPELS=QPCI2
SPILS=GPEI2
SPUPS=QPII2
APELS=QPCA3
PUWTSZPUKT3
PUWTA=PUKT1
QCVS=QPGA3
G0 TO 111
QSPG=QPAI
SPELF=QPDI1
SPILF=QPFI
SPUPF=QPJI
APELF=QPDW2
QCVF=QPHW2
QAPG=QPAW
QSPC=ePBI2
QAPC=GPBW1
SPELS=@PCI2
SPILS=QPEI2

3e64)rLQ

*XA(KK)
*XA(KK)
*XA(KK)
*XB (KK)
*XB(KK)

*XA(KK)
*XA(KK)
*XA(KK)
*XA(KK)

~ *XA (KK)

SPUPS=QPII2

APELS=QPCW3
PUWTS=PUWT3
PUWTA=ZPUWT2
QCVS=QPGW3
GO To 111
QSPG=GPAA

SPELF=QPLA2

SPILF=GPFA

SPUPF=QPJA

APELF=QPpW2
QCVF=QPHW2
QAPG=QPAW
QSPC=QPBA2
GAPC=@PBW1

SPELS=QPCA2

SPILS=QPEA2

SPUPS=GPIA2

APELS=QPCWS3
PUWTS=PUWTL
PUWTA=PUWTZ
QCVS=QPGW3
GO To 111
QSPG=QPAW

*XB(KK)
*XB(KK)
*XB(KK)
*XA(KK)
*XA(KK)

Cc-65



111
1

SPELF=QPDW1 *XA(KK)
SPILF=QPFW *XA(KK)

- SPUPF=QPJUW *XA(KK)

APELF=QPDA2 *XB(KK)
QCVF=QPHA2 *XB (KK)
QAPG=0PAA
QSPC=ePBW2
QAPC=@PBA1

SPELS=GPCW2

SPILS=QPEW2

SPUPS=QPIW2

APELS=QPCA3
PUWTS=PUWT2
PUWTA=PUWT1
QCVS=QPGA3
IF (KK=1) 1¢1s4
QSP=QSPG
QF=QFA
QARzlo-(lo"QACA)*(lo-QRA)
QAD=QDWGA
QAP=QAPG
QTV=QTG6
QTA=QTAA
QTB=QTBA
QTC=QTCA
QTD=QTDA
QTE=QTEA
QST=QASG
QMV=QAMG
QTANP=QATPG
QTANS=QATSG
QTANC=QATCG
60 70 10
QSP=QSPC
QF=QFB
QAR=1,~(1.~QACB)*(1,=QRB)
QQeD=QDWGB
QAP=QAPC
@Tv=QTC
QTA=QTAB
QTR=QTHB
QTC=QTCB
QTD=QTDB
QTE=QTEB
QST=QASC

“QMV=QAMC

QTANP=QATPC
QTANS=QATSC
QTANC=QATCC
GO TO 10
GSPEL= SPELS
QSPIL= SP]ILS
QSPUP= SPUPS
QFEL=QFC
QFC=QF1
QFNF=QFG
QRLP=QRI

QALP=1+=(1+=QACG)*(1,=QACK)

QARIL=QARE

QAREL=1e~(1+=QRC)*(1l.=~QACC)

c-66



10

20

QQDEL=QDWGC
QAPEL= APELS
TVPEL=QTEPS
TVSEL=QTESS
TVPIL=QTIPS
TVSIL=QTISS
QTVF=QTFS
QTAEL=QTAC
QTBEL=QTHC
QTCEL=QTCC
QTDEL=QTDC
QTEEL=QTEC
QST=QASS
QMV=QAMS
QTANP=QATPS
QTANSZQATSS
QTANC=QATCS
QCV=GCVS
GO TO 20
QSPEL= SPELF
QSPILE SPILF
@SPUP= SPUPF
QAPEL= APELF

QALP=1+=(1+=QACH*XC(KK))*(1,=QACL%*XC(KK))

QARIL=QARF

QAREL = 1¢=(1.-=QRD*XC(KK))*(1,=QACD*XC(KK)) !
" QTANS=QATSF :

QTANC=QATCF

QQDEL=QDWGD
TVPEL=QTEPF
TVSEL=QTESF

QCV=QCVF

. QFEL=QFD *XC (KK)
QFC=QFJ *XC(KK)
QFNF=QFH *XC (KK)
QRLP=QRJ *XC (KK)

*XC (KK)

*XA(KK)
*XA(KK)
*XB(KK)
*XB (KK)
*XB(KK)

TVPIL=QTIPF*XB(KK)

TVSIL=QTISF *XB(KK)
QTVF=QTFF *XB (KK)
QTAEL=QTAD *XD (KK)
QTBEL=QTBD *XD (KK)
QTCEL=QTCD *XD (KK)
QTDEL=QTDD *XD (KK)
QTEEL=QTED *XD(KK)
QST=QASF *XA(KK)

 QTANP=QATPF  *XA(KK)

c-67

QMVZ=QAMF X (KK)

GO TO 20 , .
OGA=1.~(1.-QSP)*(1.~@F)*(1.-GAR)*(1.-GQD)*(1.-QAP)t(1}~0TA)*
1(1,=QTB)*(1+=QTC)*(1.=QTD) *(1+=QTE) **A

WAAZQDWGW+FILW+WGTA+WGT+WA+WB+WC+WD+AXWE+PUWTA+PUWTS

QB8 = 1.-((1.-QSP)*(1.-QF)*(1.-QAR)*(1.-@Tv)t(1.-GTA)*(I.-QTB)*
1 (1.=QTC)*(1e=QTD) ) *%2% (14=QAP) *(1.=QQD) % (1+=QTE) *%A '

WBB=QDWGW+2+ ¥ (WTHFILW+WGTA+WGT+WA+WB+WC+WD) +A*WE +2  xPUNTS+PUWTA

GO T0 30 v
OQELA=1+e~(1e~QSPEL)*(1.=QAPEL )% (1.=QADEL) *(1.=QCV)
1*(lo"QFEL)*(10-QAREL)*(10-QTAEL’*(IQ‘QTBEL)*
2(1,=QTCEL)*(1,=QTDEL) *(1,=QTEEL) *%A
0QP1=1.,~(1+=QSPEL) *x(1l.=QAPEL )*(1.-QQDEL)*(1,=QFEL)*(1+=QAREL)
1%(1,=QTAEL) *(1,=QTBEL) *(1,~QTCEL) *(1e=QTDEL) *(1 ¢~ TVPEL) *»2



2%(1,~QCV)
QS1=1e=(1,=QPL)*((le= TVPEL)/(Lle~ TVSEL))#%2
QELB=1e=(1+e=QP1*QS1)*(1.=~QP1*QTVF)*(1,=-QTEEL) **A
QILA=1e=(1+=QSPIL)*(1,=QARIL)
QP10=1o'(lo"QSPIL)*(l-“,@ARIL)*(1.— TVPIL) x%x2,
. Q51071 +=(1¢=QSPIL)*(1¢~QARIL) *(1e= TVSIL)x*2
QILB=1+=(1,=QP10%QS10)*(1,~QP10*QTVF)
QUPB=1+=(1+=QSPUP**2) % (1. =QSPUP*QTVF)
QCFB=1e=(1+=QFC**2) % (1,-QFC*QTVF)
ANFB=1e=(1+=QFNF) %%2
QLRPBZ1e=(1¢=QRLP**2) % (1, ~QRLP*QTVF)
“QLAPB=1e=(1¢=QALP**2) % (1+~QALP*QTVF)
QA =1e~(1e=QELA)*(1+=QILA)*(1¢=QSPUP)*(1.=QFC)*(1,=QFNF)*
1 (1.,-QRLP)*(1,-QALP)
0@821.—(1.-QELB)*(1o-QILB)*(1.-QUPB)*(1.-GCFB)*(1.-0NFB)*(1o-QLRPB)
1%x(1,-QLAPB)
30 GO TO (11,22¢33),40
11  QACT=QST
WACT=WASW
GO TO 100
22 QACT=QMV
WACT=WAMW
100 GO TO (44,55) 1KQ
44 QSYS=Q@A
WSYS=WAA
G0 TO 200
55 @SYS=@GB >
WSYS=WBB '
) 200 QTOTA :1.-(1.-QSYS)*(1.-QACT)**A
WTOTA =A*WACT+WSYS
GO TO 40 ;
33 GO TO (921920940940 94,94) N - ,
92 0GTOTA =1le=((14=QA )**2%((1,=QTANC)*(1,=QTV)*(1,~QTANP)
1%(1,=QTANS) ) **A*(1+4=QTV))/((1,=0QD)*(1,=QAP))
" QACT=14=(1+=QTANC)*(1¢=QTANP)*(1,=QTANS)*(1.,=QTV)
WACT=WATW+WT
GO TO 40°
9%  QTVT=1.=(1+=QTVF)%*A :
GPRIM = 14=(1e=QA)*((1.=QTANP)*(1,=TVPIL)*(1+~TVPEL)**A)
QSECT = 14=(1+=QA)*((1.=QTANS) % (1,=TVSEL) %(1.=TVSIL)**A)
QTOTA =1¢=(1.=QPRIM *QSECT)#*(1,=QPRIM *QTYT)*(1,=QTANC)
QACT=14=(1¢=QTANP*QTANS) * (1+.=QTANP*QTVF)*(1,~QTANC)
WTOTA =A*(WATWHWT) +2.%WAA+WT=(QDWGW+PUWTA)
40 GO TO (81+82+83¢84185186),N
81 QVEHG=1e=(le=QTOTA )*(1,=QTRG) *x*A
Q1=QACT \
W1l=WACT
GO TO 900
82 QVEHC=1.=(1.=QTOTA )*(1.,-QTRC)**A
Q2z=QACT
60 TO 900
83 QVEHS=1¢=(1+=GTOTA )% (1,=QTRS)**A
Q3=QACT
60 TO 900 :
84 QVEHF=1e=(1+=QTOTA )*(1.=QTRF*XA(KK))*%A
QU=QACT _
GO TO 900 . .
85 QVEHYZ1le=(1.=QTOTA )*(1.=QTRF*XA(KK))*%A
Q5=QACT )
GO TO 900



86 QVEHZ=1+=(1¢=QTOTA )*(1,~QTRF*XA(KK))*x%A c-69 :
Q6=QACT T~
900 N=N+1
GO TO (1+2¢394¢500050005),N
5 VHYSW=WTOTA +AxTRWT
CosT
XLIFA=.1+VLIFA
XLIFP=,1+VLIFP
"GO TO (21002200230) rJQ
210 ADCST=ADCSS
ADTIM=ADTIS ~ \
AUCST=AUCSS ’ :
60 TO 240
220 ADCST=ADCSM
AUCST=AUCSM
GO TO 240
230 ADTIM=ADTIT
240 GO TO (12,222)+KQ
12 STV3=0.0
GO TO 50 .
222 TUCD1=2.*TUCD1
' STv3=2.0
TUCULl =2,.xTUuCuU}
50 GO TO (60,60¢233),JQ
233 TUCD2=2.*TUCD2
STV3=1.0 ‘
TUCU2 =2.xTUuCuU2 v
60 TUCSD=TUCD1 +TUCD2 *.5%A +TUCD3
TUCSU = TUCUl+TUCU2+TUCU3
STCSD=STCSD*STV3 . -
STCSU=STCSU%STV3 ! !
VHSWC= VHYSW*VHYSB*VPNUB*VWCST ;
IF (PPPP8=1.0) 3010302,303
301 VPMLC=1.0£6
' VPUC=0,0
S10=0.0
GO TO 304
302 VPMLC=PALF
VPUC=PFAFU
S510=57
GO TO 304
303 VPMLC=PWLF
VPUC=PINFU
| $10=58 |
304 IF (ALIFE/XLIFA=ACYCL/VCYCA)306+306:305
305 VQUAM=ACYCL/VCYCA
60 TO 308
306 VQUAM=ALIFE/XLIFA .
308 IF (VQUAM~100)31003100309
309 VQUAM=1.0 ‘
3100VHSLC=ANUMB*VHYSB*VPNUB*AUCST*VREPR* (VQUAM=1 « 0)*VHYSB*VPNUB*VPUC*
L(XLIFP/VPMLC=1,0)%xVREPR*S10
O0VPHDU= ADCST+PFAFD+PINFD+PTRFD+FUCSD+TUCSD+QDCSD+XRUSD*RAPCD+
15TCSD+((AUCST+XRUSU)*(ANUMB)+PFAFU*S7+PINFU*58+PTRFU*S9+FUCSU*23+
2TUCSU+QDCSU*RAPCU*ZS*SACSU*Zl+RECSU*22+STCSU*STV3)*VHYSB*VPNUB
IF(PFAFT=PINFT)400,400,401
400 VHCDT=PINFT
GO TO 403
401 VHCDT=PFAFT
403 IF(VHCDT=PTRFT)404r404,405
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3 , c-70
VHCDT=PTRFT
IF(VHCDT=ADTIM) 4060 406+407
VHCDT=ADTIM
IF(VHCDT=VDEVL) 4089408409
VHCDT=VDEVL .
VHDTC=(VHCDT=VDEVL ) *VPEND
PIWP:l.00E-3*ACTQL*ANUMB*PRES/VHYSW‘
PAOP = 1.,35%PIwWP
PWOP= 2.26*PIWP
IF (PNOP-PAOP)313.314o31u
PMOP=PAOP
G0 TO 315
PMOP=PWOP
IF(PMOP)316.316'315
VHOTC=0.0
GO0 TO 318 .
VHOTC=VTEST*VHYSB*VPNUB* (VOPER/ (PMOP=1,0)*VTCST)
VPCST=VHSWC+VHSLC+VPHDU+VHDTC+VHOTC+ VHYSB*VFLRF*(GVEHS+QVEHF+

1 QVEHY+QVEHZ+T4/TT1*(QVEHG+QVEHC))

WRITE (3+951) PRES»AMOM

WRITE (3,605) GVEHGOQVEHC-QVEHS'QVEHF!QVEHY!QVEHZOVHYSW 001062063
rQUe Q5 Q6eWLl, VPCST

IF (AMAX=AMOM) 998,998,999

IF (PREM=PRES) 997,997,999

IF (RUNQ = RUN) 3000'2000 2000

CONTINUE :

CALL EXIT

END
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